








The Crawler Side Frames illustrated above, parts of a large 
strip mining machine which were formerly produced in cast- 
ing form, were redesigned and produced by Mahon as 
weldments. These and the parts and assemblies shown at 
the left are typical of thousands of Steel-Weld Fabricated 
units produced and machined by Mahon for hundreds of 
manufacturers of processing machinery, machine tools and 
other types of heavy mechanical equipment. If you require 
welded steel parts, assemblies, or special purpose equip- 
ment, you can turn to Mahon with complete confidence 

highly skilled personnel are available within the 
Mahon organization to do the complete job from drawing 
board to finished machining and assembly—thoroughly 
experienced personnel who are backed by tools and plant 
facilities with capacity to produce virtually anything in 
welded steel construction regardless of size or weight. You 
will find in the Mahon organization a unique source for 
Steel-Weld Fabrication . . . a source where skillful design- 
ing, advanced fabricating techniques and superior crafts- 
manship assures you a smoother, finer appearing job 
embodying every advantage of Steel-Weld Fabrication. 
See Mahon’s Insert in Sweet's Product Design File, or have 
a Mahon engineer call and give you complete information. 


THE RR. C. MAHON COMPANY 


DETROIT 34, MICHIGAN 


Engineers and Fabricators of Steel in Any Form for Any Purpose 
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For more information, turn to Reader Service Card, Circle No. 318 
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At General Magnetic Corpo. 
ration, 10001 Erwin Street, 













Detroit, Michigan, magnets 
are brought up to heat, 2400°F, 
in one hour, soaked 20 minutes, 
then cooled in 10 minutes to 
300-400° F. They ride in Incone!] 


trays with Inconel covers to 
























protect them against direct heat. 





iP to 2400" F. 


ED 2D WW Rall to “Handling cool’ 6 times daily 


Yet Inconel trays and covers 
serve a full six months 
treating Alnico magnets 





After discharge trays are allowed to cool to 
handling temperature, then reloaded 6 to 7 
times daily. Expansion slots help reduce stresses 
created by cycling between temperature 
extremes. Design and fabrication by Misco 
Fabricators, 1999 Guion St., Detroit 7, Michigan. 





When metals cycle between 2400°F. and room tem- signed piece of Inconel equipment to show low overall 
perature 6 times daily . . . they lose heart quickly. cost . . . and give little trouble. At very high tempera- 


, 8, *n is the only tical Ti se. 
Yet that .. . and corrosive furnace atmospheres to tures, it often is the only practical material to use 


boot .. . is what equipment for heat treating Alnico You'll find many suggestions on practical ways to 
magnets must withstand. make Inconel heat treating equipment in “Keep 
Operating Costs Down . . . When ‘Temperatures Go 
Up.” If you would like a free copy of this booklet, 
write: 


Until Inconel® trays and covers were tried, at 
General Magnetic Corporation, no material proved 
satisfactory. Now, with Inconel, six months or more 
of service is obtained. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
These trays and covers were made by Misco Fabri- 7 way Street New York 5, N. Y. 


cators, who specialize in heat treating equipment. 
They use Inconel extensively where, as in this case, 
requirements are rigorous, 


Inconel retains good strength at high temperatures. Inconel 


It also shows little or no effect from carburizing or 
nitriding furnace atmospheres. Then, too, it is readily 
fabricated and repaired. 





‘Incoloy... . 
iMaa, Nickel Alloys 


for long life at high temperatures 





TRADE mate 


These are the reasons you can expect a well de- 





For more information, turn to Reader Service Card, Circle No. 394 
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Savings in expensive and critical elements needed in super- 
alloys may be possible in the future as a result of experimental 











UPGRADING work now being done on upgrading nickel-chromium stainless 
STAINLESS Steels. Additions of titanium and boron have increased high- 


temperature strength sufficiently so that the new materials 
may be able to replace superalloys in many present applications 
up to 1500 F. 


ers Plastics tooling engineers are asking for materials with 
better heat distortion characteristics. One answer may be a 
new phenolic resin just developed. In the past it has been 
PLASTICS FOR difficult to achieve a good bond between phenolics and glass 
TOOLING fiber, but laminates of unusually high strength are claimed with 
the new resin. Another answer may be a new epoxy resin, still in 
the developmental stage, which is reported to have a heat dis- 
tortion temperature of about 350 F. 





Faster nickel plating has been made possible with improvement 
of the sulfamate process commonly used to apply heavy coatings. 
FASTER NICKEL A new commercial bath plates up to 7 mils per hr compared to the 
PLATING usual maximum rate of 4 mils per hr. Resulting coatings are 
claimed to be harder, yet less brittle, than conventional sulfa- 

mate coatings. 








There has been a tremendous growth of interest in vacuum form- 
ing of plastics recently. Growing acceptance of large plastics 





" FORMING moldings, improved sheet materials and new automatic short- 
" PLASTIC cycle machines are responsible. The trend is so strong that 
SHEET some people in the industry are convinced that the process 


O 


Pp 


O 


has been oversold. They point to a number of recent appli- 
cations where another method, such as plug-and-ring forming, 
would have been cheaper. 


The Government plans to buy lead and zine as part of a new 

NEW STOCKPILE "long-term" stockpiling program. Ultimately, many other 
FOR METALS metals and minerals may be added, but the immediate purpose 
of the program is to help the domestic mining industry which 

has been faced with a continuing drop in demand and in prices. 











NEW STANDARD A glass mat bonded with phenolic resin is reported to be 
LAMINATE MATERIAL under development as a possible standard material for high 
pressure laminates. 





(Continued on page 4) 
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The Materials Outlook comin 








There seems to be no unanimous opinion on the guality and J 

uniformity of titanium and titanium alloys now available. One a 
company says it's "not satisfied with the quality", but an 
engine manufacturer says quality is "acceptable" and plans | 

TITANIUM to use sheet, forgings and extrusions ina new engine. Every- 
one agrees that uniformity is improving . .. Much work is | 
being done on getting closer-tolerance forgings and extrusions 
of titanium to eliminate machining . . . In one plant, titanium 
is being clad with aluminum to protect its surface against 
contamination during forming operations. 




















Foamed vinyl plastisols are threatening to replace foam and 
sponge rubber for many applications. Latest news is that foamed 
VINYL FOAM SHEET vinyl sheet will be on the market in quantity shortly. The sheet 
will be available in widths up to 54 in., thicknesses up to 4% 
in., and in various colors. 








An aluminum-pigmented neoprene coating for protecting metals 
ALUMINUM=-PIGMENTED in severely corrosive atmospheres is now available. It com- 
NEOPRENE COATINGS bines the functional advantages of neoprene with the attrac- 
tive appearance of aluminum and can be tinted to provide a wide 
range of metallic colors. 











Tolerances for plastic moldings are the subject of many an 
argument, but there's little doubt that a current job involv- 
ing a thin %-in. long rod of glass-filled nylon represents a 





CLOSE-TOLERANCE notable achievement. Reject rate is 60%, but here are the di- 
NYLON MOLDING mensions: 0.109 D anDe in. 0.d.;a long hole at one end measuring 
0.060 oO in. ; and a smaller connecting hole at the other end 


which must be concentric with the larger hole within 0.0005 in. 
total indicator reading. 





Fluted aluminum tubing is now available in outside diameters 
FLUTED ALUMINUM ranging from 4% to 1 in. and wall thicknesses from 0.050 to 0.062 
TUBING in. Properties: 32,000 psi tensile strength,25,000 psi yield 
strength and 8% elongation. Expected uses: furniture, clothes 
poles, ladder rungs, etc. 























A new elastomer consisting of a combination of Teflon and a 
HIGH=TEAR STRENGTH Silicone is claimed to offer the thermal properties of sili- 
ELASTOMER cones with improved tear strength and oil resistance. The ma- 
terial is said to have tear strength up to 210 lb/in. and to re- 
tain its flexibility from —120 to 600 F. 

















A method of forming rigid vinyl sheet on conventional metal 











STAMPING stamping machinery has been developed. The sheet is fed from 
VINYL reels under a bank of strip heaters where its temperature is 


raised to about 270 F. A clutch arrangement permits the sheet 
to be fed intermittently to the press. Cycle time is 10 sec. 
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Francis L. LaQue 


Vice President and Manager 
Development and Research Div. 
The International Nickel Co., Inc. 
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Corrosion costs industry and 

the public more in lost time, 
equipment and money than any 
other type of wear or destruction. 
Francis L. LaQue of International 
Nickel Company has devoted broad 
knowledge of materials, leadership 
and organizational ability, 

and a large amount of good 
common sense oriented around scientific 
method to the study of corrosion 
and ways to combat it. 

He devotes a great deal of time 
to spreading the gospel 

of the corrosion engineer. His work 
has been widely published in 
society publications and he is 

a well known speaker to many 
technical and scientific organizations. 
He is editor of the Bulletin 

of The Sea Horse Institute, 

is a Past President of the National 
Association of Corrosion Engineers, 
for a number of years has held 
committee chairmanships in the 
ASTM, and is a member of the 
Corrosion Advisory Committee of 
the National Research Council. 












aterials... 


their views 
on development 
and utilization 
of engineering materials 


in industry 


"Witcereatan problems can be divided roughly into two classes 
__those of general interest and those of special interest. A 
problem of general interest may be defined as one that is related 
to a corrosive environment that may be encountered by a great 
many people, such as the atmosphere, or to a material that is in 
common use in many environments. A problem of particular 
interest is one that may be encountered in the extreme case in 
only a single instance. In making this distinction we are fully 
aware that every practical corrosion problem is a specific one. 
The ASTM investigations of corrosion have been confined 
to environments of general interest, yet considerable attention 
has been devoted to tests that may be of special interest. Of 
necessity, the conditions under which such tests are carried out 
have had to be standardized rather rigidly . . . and it follows that 
results of such tests apply to very limited and rarely encountered 
conditions. Failure to recognize this fact has resulted in mis- 
applications of tests, failures and disappointments due not to 
deficiencies in tests but to abuses in the use of them. 
Recognition of test limitations and the basis for them in 
the direct application of test results does not destroy the value 
of the results we have. Instead, it points the way to their profit- 
able use not only in selecting a suitable material or protecting 
one in a proper way, but also points the way to properly design- 
ing or arranging the materials in use so they will have the best 
possible chance of resisting the corrosive action they encounter. 
Because of the broad range of corrosion problems, corro- 
sion engineering applies special knowledge that carries the name 
of the several other branches of engineering. Besides a knowl- 
edge of corrosion itself, a corrosion engineer must have a knowl- 
edge of materials, characteristics of chemicals, fabrication tech- 
niques, availability of materials and proficiency in planning and 
executing test programs. If given the opportunity and proper 
time, a corrosion engineer should be able to guide design and 
specify materials and how they should be fabricated so that costly 
corrosion failures should be as rare as catastrophic failures in 
structural engineering. 
While corrosion has nothing but negative aspects from 
most points of view; money spent to control corrosion is one of 
the most profitable investments that can be made.” 
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. , Extrusion cylinders for the press -™ 
In production. The 14,000-ton Schloemann extrusion press is the first of the units weigh up to 15 tons each 
ordered under the U.S. Air Force Heavy press program to begin production. wax le 
te: 
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14,000 -l'on Press * 
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tarts Froduction 
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First Completed Unit : 
l 
for Heavy Press Program ’ 
- - . . \ 
The big squeeze is on. After more manufacturers of transportation equip- ‘ 
than a year of debugging, realigning, ment and other civilian uses. Pipes 
and shaking down, the first of the up to a diameter of 20 in. can be Stretehe® can pitelahdes axtrestons 
awe Preece Deno ‘es ~~ PY. ’ . “a ‘ne lineec Tit 
Heavy Press I rogram’s giant new ex fabricated for use in pipe lines. | to 110 ft long with a 3,000,000-Ib pull. 
trusion presses is ready for produc- Ancillary equipment for the big ' 
tion. Schloemann unit is as impressive as Be 
4 Z . a 
The 14,000-ton press can extrude the press itself. Ingots up to 20 by 76 ( 


sections of aluminum weighing as 
much as 2500 lb up to 110 ft long. 
At the 110-ft length, the maximum 
weight per pound of extrusions has 
been increased by the new press from 
5.4 lb per foot to 22.7 lb per foot, 
(representing a cross sectional area of 
19 sq in.). The practical maximum 
circumscribing circle for shapes has 
increased from the previous maximum 
of 13 in. to 23 in. The equipment 
can handle extrusions with cross sec- 
tional areas up to 60 sq inches in 
tough 75S alloy. 

Initially, the presses will produce 
aircraft components such as wing 
spars and spar caps. Later, large ex- 
truded shapes will be available to 


in. are heated in large induction fur- 
maces and fed automatically to the 
press. A 180-ft long stretcher has 
been installed to straighten and stress 
relieve full length extruded sections 
at stretching tensions up to 3,000,000 
lb. Heat treating furnaces—one ver- 
tical and one horizontal—are capable 
of heat treating and quenching full 
length 110-ft pieces. 96-in. circu- 
lar saw cuts the extrusion to required 
lengths after heat treatment and stress 
relieving operations are now com- 
pleted. 

The Lafayette, Indiana works of 
the Aluminum Company of America 
is operating the press for the Air Force 
Heavy Press program. 





ee 
Pumps and accumulators for the 
14,000-ton press hydraulic system. 
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Tougher, Stronger 


Titanium Alloy 


Several commercial producers are 

iting production sized ingots ot a 
toughe., stronger titanium alloy with 
properties comparable to the high 
strength steels used in weapons and 
irmor plate. Armour Research Foun- 
dation, under contract to Watertown 
Arsenal Laboratory, developed the 
new alloy. Army tests at the Water- 
town Materials Testing Laboratory 
indicate that the new titanium based 
material overcomes many of the dis- 
advantages, such as lack of ductility 
at high strength, which have limited 
the use of titanium in many ord- 
nance applications. 

Like other titanium based alloys, 
the new 6% aluminum, 4% vana- 
dium material is 45% lighter than 
steel, has good corrosion resistance. 

Unusual ductility at high strength 
levels differentiates the new ma- 
terial from present alloys. Heat 
treated to a tensile strength of 190,- 
000 psi, it maintains a ductility of 
14% elongation and 45% reduction 
in area. The notch toughness at this 
strength also remains unusually high 
as indicated by Charpy impact values 
of 11 ft Ib at 40 F. For even 
higher toughness requirements, a dif- 
ferent heat treatment gives 32 ft Ib 
V notch Charpy impact energy at a 
tensile strength of 147,000 psi with 
18% elongation and 56% reduction 
in area. 

The properties of the new alloy 
compare very well with the marten- 
sitic stainless steels. For example, the 
properties of heat treated 410 chrom- 
ium stainless show a maximum heat 
treated strength of about 190,000 psi 
with 10% elongation, 20% reduc- 
tion in area, and 20 to 30 ft Ib 
Charpy impact. Some of the low 
alloy high strength steels such as 
6150, 8640, and 9440 have proper- 
ties nearly identical to the titanium 
alloy. The titanium enjoys a consid- 
erable strength- weight advantage 
over these materials, however. 

Col. B. S. Mesick, Commanding 
Officer of Watertown Arsenal and 
Army Titanium Coordinator, an- 
nounced the alloy development. 
Stanley Abkowitz, Materials Engineer 
at the Arsenal Laboratories and Sup- 
ervisor of the Armour Contract said 
tests conducted at the Laboratory in- 
dicate that the new alloy overcomes 
the brittleness present in commercial 
high strength titanium alloys current- 
ly in production. 
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Radioactive sprue bushing is inserted in a modified transfer mold to test erosion 


rate. 


General Electric Co. 


Isotopes Lead to 
Improvement of Materials 


Better knowledge of how metals 
flow in extrusion presses and develop- 
ment of low erosion plastic molding 
materials are two of the latest ad- 
vances in production technology 
which are attributable to radioactive 
trace materials. 

Based on the ease with which min- 
ute amounts of radioactive materials 
can be detected, the two new projects 
are representative of the growing use 
of materials made artificially radio- 
active for research applications. 

The Aluminum Company of 
America is using radioactive alumi- 
num tracers to study metal flow dur- 
ing extrusion. In order to determine 
the flow pattern, small wires of 
aluminum alloy are exposed to neu- 
tron bombardment in the atomic pile 
at the AEC’s Oak Ridge. The radio- 
active wires are then inserted in holes 
drilled into an extrusion billet. Since 
the radioactive aluminum does not 
differ in any respect from the billet 
material, the ingot is in all respects 
homogenous, and after it is extruded, 
the flow of metal tagged by the 
thread of radioactive material reveals 
how the base material behaves under 
extrusion conditions. The radioactiv- 
ity of the extruded metal may be 
gaged by a geiger counter or a sec- 
tioned sample placed on photographic 
film, which gives a detailed picture 
of the flow of the radioactive sample. 

Alcoa engineers report that they 


are getting accurate data for the first 
time on flow patterns, temperature, 
force distribution and similar basic 
information on metallurgical changes 
during extrusion. 

In a different field, the Chemical 
Materials Department of the General 
Electric Company reports the develop- 
ment of a new low erosion phenolic 
molding compound as a result of the 
use of radioactive tracers. 

Erosion in large metal molds 
caused by plastic compounds is a ma- 
jor cause of die wear and has been a 
more or less unknown quantity in 
estimating die life. As a direct re- 
sult of the experimental program, a 
low erosion version of G.E.’s 12882 

(Continued on page 206) 


Small plug of radioactive aluminum 
alloy, inserted in an extrusion ingot of 
the same alloy, provides a method for 
determining behavior of metal during 
extrusion. Aluminum Co. of America. 
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At the Second Basic Materials Con- 
ference held in mid-May in Chicago, 
designers, engineers and executives 
from all over the country were asked 
to review, critically, the materials from 
which their products are manufac- 
tured. They were asked to make this 
critical review in the light of the con- 
stant stream of improvements in ma- 
terials which flow from industrial re- 
search and technological development. 

In his introductory remarks to the 
meeting, Chairman T. C. Du Mond 
pointed out “progress in materials 
might mean to the public the develop- 
ment of a glamorous new metal such 
as titanium or magnesium or some 
other material to which we can at- 
tribute magical or Cinderella-like 
properties. But to the engineer, the 
improvement of a material to the 
point where it can be used at tempera- 
tures only 200 degrees higher, to 
where it has hardness a few points 
higher, or where its tensile strength 
is raised a few thousand psi is much 
more important. The glamorous ma- 
terials are few, the improvements are 
many.” 

Conference attendees were told of 
many improvements in materials and 
of advances in the knowledge of ma- 
terials by experts in specific fields. The 
Conference provided a platform at 
one place and time for direct com- 
parison of the qualities, properties 
and uses of materials ndiceslie sep- 
arated by the effect of specialization 
in research and engineering. Speak- 
ers rounded up developments in met- 
als, plastics, ceramics, elastomers, and 
other non-metallics in the light of 
proper use, processing, joining meth- 





Conferenee and 


Exposition 


2nd Basic Materials| 


ods, and resistance to corrosion and 
temperature. The meeting concluded 
with the presentation of a paper on 
Materials Management. 


Weapons Research and 
Materials 


Out of the billions of dollars spent 
on the development of weapons and 
armaments come many new material 
applications and occasionally new ma- 
terials useful to industry (the fluoro- 
thene resins are one shining ex- 
ample). Carson E. Hawk, of the Li- 
quid Engine Division of the Aerojet 
General Corp. told the Conference 
how rocket development has posed ex- 
treme temperature and pressure prob- 
lems, and how the solution of these 
problems stands to help industry as 
it heads for higher and higher pres- 
sures and temperatures in its search 
for power and efficiency. The speaker 
reviewed progress in high tempera- 
ture coatings, high strength precipi- 
tation hardened steels, aluminum- 
stainless steel combinations, and 
temperature and corrosion resistant 
plastics. He pointed out “the weapon 
industries have substantially added to 
the over-all materials knowledge . . . 
through their rigorous requirements 
{which} encourage accelerated devel- 
opment in many fields.” 


New Forming Processes 


New methods of forming metals 
lead directly to new uses of both old 
and new materials: Three speakers 
discussed developments. 


(Continued on page 14) 
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desirable to stir Phe dnidean Rae ‘assure eat 
and avoid stratification of the various alloy. | 
Manual and mechanical methods have been used, but oe 
most modern method is electrical—induction stirring. This 
is accomplished by sending low-frequency two-phase cur-' 
rents through copper coils immediately under the furnace. 
The magnetic field thus produced stirs the melt most 
effectively. Stirring can be reversed, and the contents of the 
furnace made to flow toward either the slag door or the 
pouring lip. | 
Because of the heavy currents required, copper’s high) 
electrical conductivity makes it essential. Since the stirring, 
coils are close to the furnace, they must be water cooled,| 
distilled water being used in a closed system. Copper’s high 
thermal conductivity is vital here. The basic copper for the} 
stirrers made by Elliott Company, Ridgway, Pa. for Aros) 
Electric, Inc., New York, is Revere rectangular tube, .94§”" 
x .750’,.157” wall. Elliott and Revere technical personnel 
worked closely on the problem of specifications, arriving at. 
joint se ape on tolerances and temper suitable for 


ving the value of close collaboration between Revere 
; customers .. . If you have a problem in connection 
: ‘with on 39 and its alloys, and alamipum slloyené con 
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For more information, turn to Reader Service Card, Circle No. 304 
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“%@ Forging, Stamping, Extrusion J. 
W. Guliksen of Worcester Pressed 
Steel Co. summarized the current 
trends in metal forging, stamping, 

\and extrusion. He told how the heavy 

Qforging press program is opening new 

possibilities for higher  strength- 
weight ratios in large parts and is ex- 

pected to eliminate many steps in as- 
sembly. He described cold steel ex- 
trusion developments which now per- 

mit fabrication of parts requiring a 
minimum of machining or grinding, 
and told how the process results in 
high physicals, so that low carbon 
steels can often replace more costly 

alloys or eliminate heat treat processes. 

Hydroforming has been developed 
to the extent that it can cut tooling 
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costs, replace several press operations 
with a single forming pass, and cut 
finishing costs significantly. Stamp- 
ing and deep drawing have been 
adapted to new materials, and where 
it was once considered a cheap way 
of producing parts to approximate 
dimensions, it is now practical to 
mass produce precision parts to close 
tolerances at tremendous cost savings. 
Guliksen believes that many products 
should be re-appraised in the light 
of the gradual, steady progress in 
the techniques of stamping and 
drawing, particularly the less common 
materials, such as clad metals, stain- 
less steels, and titanium. 


@ Precision Casting Sand should not 
be overlooked as a precision casting 
mold medium, according to L. M. 
Christensen, Castings Design Con- 
sultant to Northrup Aircraft. He 
showed the Conference audience sev- 
eral examples of unusual precision 
castings produced in sand molds 

one, sixteen feet long, was an ex- 
perimental wing, cast in two halves, 
clamshell style. Christensen also dis- 
cussed the relationship of materials, 
properties and production quantity to 
sand, permanent mold, and invest- 
ment precision casting techniques. 


@ Powder Metallurgy H. H. Haus- 
ner, of the Atomic Engineering 
Div., Sylvania Electric Products Inc., 
told the conference that powders 
other than pure metal had great 
futures as materials for powder metal 
parts. Materials such as SAP (sin- 
tered aluminum powder with 8% 
to 16% aluminum oxide content) 
show superior strength characteris- 
tics. It is less well known, perhaps, 
that in certain cases it is also advan- 
tageous to use hydride powders in- 
stead of metal powders for high 
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density parts. Powder metallurgy is 
becoming more useful in production 
of larger parts with the perfection 
of rolling techniques to produce long 
sheets. Sinter welding is a promising 
method for joining powder metal 
parts through the use of a compound 
of the same metal in powder form 
Slip casting and extrusion may also 
extend the uses of metal powders 
Hausner believes. 


Non-Metallic Materials 


More uses for more non-metallic 
materials appear almost daily. Among 
this large group of materials, plastics, 
of course, come first to mind, but 
glass, ceramics, carbon and graphite, 
and elastomeric materials are equally 
vital in the production of products 


@ Plastics ‘Plastics should be used 
for their unique advantages and 
never, I repeat, never as substitutes” 
warned Dr. Jesse H. Day, editor of 
the Society of Plastics Engineers. Dr 
Day compared developments in 
plastics to those in metals; he said, 
“We don’t need radically new kinds 
of materials to make progress. Steel 
men have been making genuine im- 
provements in the same old iron 
for years by making special alloys 
and by special methods of treatment. 
Look for progress in plastics in the 
same direction. Plastics analogous to 
alloys are the copolymers ; and plas- 
ticizers and fillers provide special- 
purpose modifications. Other tricks 
are coming up—graft polymers may 
permit reacting a silicone with the 
surface of thermosetting plastic, giv- 
ing an effect analogous to case hard- 
ening’. Boiling down the answer to 
the question “Where, when, and 
how to use plastics” to an irreducable 
minimum, Dr. Day listed four 
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points: “1, Use plastic where it will 


do a job nothing else will. 2. Use 
plastic where it will do a better job. 
3. Use plastic where it is capable of 
fulfilling its requirements and will 
add a positive factor, such as appear- 
ance, economy, lower noise level, 
textural feel, and so forth. 4. Use 
plastic as a material of choice for its 
strong engineering virtues, never as 
1 mere substitute.” 


@ Carbon and Graphite Carbon-gra- 
phite combines some _ exceptional 
physical properties with some basic 
disadvantages. Fremont Rule, of the 
United States Graphite Co., pointed 
out that it is worth designing around 
the material’s limitations in order to 
take advantage of its unique charac- 
teristics as an engineering material. 
Listing high inherent hardness, ther- 
mal shock resistance, corrosion resist- 
ance, controllable porosity, dimen- 
sional stability, low density, and high 
melting point as advantages, Mr. 
Rule warned that proper use is pos- 
sible only if the design and applica- 
tion takes into full account the dis- 
advantages of brittleness, low tensile 
strength, low coefficient of expan- 
sion (not necessarily a disadvan- 
tage), and propensity to oxidize at 
high temperatures. 


®@ Ceramics On the Exposition floor 
(cement), one of the favorite dem- 
onstrations of a ceramics exhibitor 
was to throw an irregular-shaped in- 
sulator on the floor as hard as pos- 
sible, then catch it as it bounced up 
two or three feet and hand it to a 
prospective customer. It started a 
lot of people thinking about the en- 
gineering properties of ceramics. For 
those who missed that demonstration. 
the paper delivered by Prof. Edward 
smoke (co-authored by Prof. Koenig, 
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both of Rutgers School of Ceramics) 
had a similar impact. Prof. Smoke 
characterized ceramics as materials 
having a range of properties begging 
for tough problems to solve. Their 
melting points range from 1100 to 
6500 F, compressive strengths from 
50 to 332,000 psi, expansion co- 
efficients from 14 to —6(x10°), re- 
sistivities range from those of con- 
ductors through a whole range of 
semiconductors to extremely good in- 
sulators, magnetic permeability from 
zero to 3500; and thermal conduc- 
tivity ranges from excellent insula- 
tion value to better heat conductivity 
than aluminum metal. Uses for these 
properties are not going begging 

industry is using more and more 
ceramics—but there are many areas 
where the unique qualities of cer- 
umics have not yet been exploited. 


@ Glass “The President’s Materials 
Policy Commission predicted the con- 
sumption of glass will double by 
1975. A large part of this expan- 
sion will naturally result from the 
expansion of the economy. Perhaps 
the most important part however, 
will be the glass industry itself, 
whose continued search for new 
properties and manufacturing tech- 
niques will materially affect the con- 
ditions of our industrial and domes- 
tic economy”, concluded W. H. Mc- 
Knight, Supervisor of Engineering 




















Development of Corning Glass 
Works. He backed up this estimate 
of growth with evidence that the en- 
gineering use of glass will increase at 
an even greater rate. Glasses of im- 
proved heat resistance and resistance 
to thermal shock are widening uses 
in heat exchangers; photosensitive 
glasses can be etched to produce 
holes or contours of extremely fine 
grain; and glass matching the ex- 
pansion coefficients of nearly all 
metals used in the electronics in- 
dustry now allow metal-glass seals 
in many previously impractical appli- 
cations. The fiber glass reinforced 
plastics are taking their place as 
standard materials and increasing the 
use of glass in large production 
quantities. ‘“Thirsty” glass, and 
foamed glass are both mew and 
promising forms. 


@ Rubbers “One might expect the 
many commercially branded elasto- 
mers with their limitless compound 
modifications, to meet all structural 
needs. Actually, the engineer de- 
signer too often faces critical needs 
for a rubbery structural material 
which does not exist. Close inspec- 
tion reveals that elastomers are dis- 
appointingly few in basic type and 
amazingly alike in general proper- 
ties: tensiles below 6000, dropping 
sharply with increasing temperature, 
a narrow temperature range of rub- 
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beriness, and generally poor oxygen 
stability.”” W. H. Faull, Jr., con- 
sultant to the ONR on Elastomer Re- 
search and Development warned the 
Conference that the limitations of 
rubbery materials must be well un- 
derstood before specifying  elasto- 
meric materials in designs. He 
pointed out that from a practical 
point of view, rubberiness is a prop- 
erty which can be introduced at will, 
to almost any degree, in a large num- 
ber of engineering materials such. as 
the plastics. While this imparts 


shock resistance to brittle materials, 
a corresponding decrease in tensile 
strength must be recognized. 
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Adhesive Bonding 


The present state of adhesive 
bonding of plastics and metals was 
characterized by George Epstein of 
North American Aviation as ‘the 
educational phase for industrial ad- 
hesives’”. He said, “Engineers and 
other technical personnel are now 
learning the why and how of ad- 
hesive bonding. Once they have 
gained confidence in the method, in- 
creasing numbers of applications will 
be found and engineers will design 
specifically for adhesive bonding in 
order to utilize fully its vast po- 
tential”. Among the advantages in- 





herent in adhesive bonding he listed 
ability to join dissimilar materia), 
without danger of galvanic corrosion 
elimination of high temperatures 
structural damage during joining 
capacity to join extremely thin sheet 
sealing action which produces 
proof joints, insulates and damps y; 
bration, provision of uniform stres; 
distribution, good fatigue properties 
reduced weight, and smooth surfac 
contours. 


Materials Management 


Merritt A. Williamson of the 
Burroughs Corp. Research Center 
held the anchor position in the list 
of Conference speakers. His excel 
lent talk on How to Set Up ana 
Operate a Materials Department— 
which also contains many hints for 
good management and public rela 
tions in general—will be reprinted 
in full in the August issue of Ma 
TERIALS & METHODS. 


Materials Exposition 


Side by side in booth after booth 
filling Chicago’s International Am 
phitheater, producers of engineering 
materials exhibited their products 
for the examination of engineers, 
designers and executives looking fot 
ways to improve their manufactured 
products. Because displays were 
strictly limited to materials suppliers, 
the Exposition was unique in offer 
ing an opportunity for direct com 
parison of the widest possible range 
of the basic raw materials of in- 
dustry. Glass, plastics, metals and 
alloys, cermets, coatings, wood, rub 
bers, felts, and many others were 
represented in demonstrations of 
where and how they could be used 
most effectively. 

Technical representatives of the ex- 
hibitors who staffed the booths re- 
ported a general atmosphere of high 
technical competence stemming from 
visitors alert for suggestions on bet: 
tering the products they manufac 
tured. 

“It’s a different kind of show with 
a different atmosphere’, said one 
exhibitor, “It seems to start people 
thinking about their products from 
the ground up—not just, ‘How can 
I make a design improvement or add 
a new machine to the assembly line?’ 
These people seem to be thinking in 
terms of really basic changes which 
will result in mew and_ better 
products or truly significant cost sav- 
ings. 
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NOW YOU CAN ADD injection molding to many other methods of forming and fabricating the versatile Piio-Tur 
resins. Easy molding Puio-Tur is now available in pigmented granules. Photo courtesy The West Company. 


Chemigum, Pliobond, Pliolite, Plio-Tuf, Pliovic—T. M.’s The Goodyear Tire & Rubber Company, Akron, Ohio 


For more information, turn to Reader Service Card, Circle No. 334 
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In preparing a sample formulation, picture shows Blending liquid plasticizer with Exon 500. Ea 
Exon 500 resin as it is shipped by Firestone. It is of the controlled particles of Exon 500 act a: 
in white powder form—has excellent dry blend- tiny sponge, quickly and completely absorb 
ing characteristics. liquid ingredients. 
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Result! A complete Exon 500 resin compound 

ready for the hopper. The formulation is free- 

3 flowing, lump free. Milling and pelletizing is 
@ never necessary. 
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The Materials Show—in Retrospect 


It is now almost two months since the 
Second Basic Materials Show and Confer- 
ence was concluded. In many respects it was 
a successful affair. It certainly was from the 
viewpoint of the individuals attending the 
technical sessions and visiting the exhibits. 
Our proof of this lies in the interesting 
letters we have received from various people 
who attended. The chief drawback as we 
and our correspondents see it is the lack 
of support on the part of the materials pro- 
ducing industry. 

Some of our larger materials producers 
feel they have been stung on some shows 
held in the past. Thus, apparently, they are 
sour on any new ideas. If not that, then they 
assume the attitude: “Let’s sit back a couple 
of years and see what happens’. In other 
words, let George do it. When he makes a 
success of it we'll climb on the band wagon. 

Theoretically editors are not supposed to 
concern themselves with sordid commercial- 
ism. However, there are times when one 
must be practical. 

For years we have preached to our readers 
that they should do everything possible to 
use the right material in the right place. We 
feel it is the duty of every engineer to him- 
self, his company and his customers to select 
and use engineering materials with the 
utmost intelligence. Now the Materials 
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One Point of View 


Show and Conference serve as a focal point 
where engineers can look for answers to 
their materials problems. Thus far, only the 
more intelligent and adventuresome materials 
producers have taken advantage of this op: 
portunity to present their wares. 

Here, in part, is what one visitor said 
in a letter to me: ‘My feeling is that it was 
very much of a success too. I found ma- 
terials there which I did not know existed 
and their application promises to simplify 
some of our problems.’ The whole idea of 
the Show and Conference is well summarized 
in another portion of this same man’s letter 
when he said: “I was impressed by the 
interest of the delegates in this kind of a 
conference. It was evidenced in the number 
and content of questions passed in for dis- 
cussion. To me, this indicated the fact that 
the premise upon which the conference was 
based was correct, namely, that engineers 
need a clearing house for an interchange of 
ideas with those producing basic materials 
for their use.” 

We think Clapp & Poliak, Inc. deserve con- 
siderable credit for having conceived and 
established the Materials Show and Confer- 
ence. We will continue to support it to the 
utmost of our ability and above all, we want 
to urge all who see this page to give their 
support to the Third Basic Materials Show 
and Conference to be held in Philadelphia 
next June. The dates are June 12-16, 1955. 


LC Mo Vere) 
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Experimental breeder reactor at AEC Reactor Testing Station doing its dual job of breeding 


fissionable material and creating heat to be converted into electrical energy. 


Materials Problems in 
Nuclear Power Reactors 


In designing reactors, many of the problems commonly en- 
countered in high temperature service equipment must be met. 
But there are additional ones, such as the effect of irradiation 
on the construction materials, to further complicate materials 


selection. 


by HENRY H. HAUSNER, Atomic Energy Div., Sylvania Electric Products Inc. 


@ Most OF THE current nuclear 
reactor problems concern materials. 
Probably the major role in the devel- 
opment of economically _ practical 
power reactors depends on_ their 
proper selection. There are still 
many unsolved problems in reactor 
engineering and considerable re- 
search and development work is re- 
quired in this field. 

The following data indicate oper- 
ating conditions of some power re- 


actors presently in the design stage. 
They concern mainly the types and 
temperatures of the fuel and coolants 
under consideration. 

The gas-cooled reactor proposed 
by Commonwealth Edison in Chicago 
is designed for solid uranium fuel 
elements with an internal tempera- 
ture somewhere between 1000 and 
1300 F. Helium is proposed as the 
coolant gas with an inlet temperature 
near 450 F and an outlet temperature 


in the range of 700 to 750 F, assum 
ing a gas tlow of approximately 

x 10° Ib per hr. The total heat 
leased will be in the order of 
Btu /hr. 


The reactor proposed by the Di 
Detroit Edison Co. is designed f 
liquid metal coolant such as sodi 
The coolant temperature could 
somewhere between 800 and 1100 ] 
A similar, but not identical, reacto; 
has been proposed by the Monsant 
Chemical group. 


The thermal reactor designed by 
the Pacific Gas and Electric Co. uses 
water as a coolant (water tempera 
ture at inlet 380 F, at outlet 500 | 
water pressure 1000 psig). Th 
water temperatures are indicative of 
the temperatures which are to be 
expected in these power reactors. 

All the reactor elements, the fuel. 
coolant, coolant transportation sys 
tem, the moderator, any internal 
structural materials, and the reactor 
control elements will necessarily 
operate at elevated temperatures. The 
materials problems in the design of 
reactors are, therefore, characterized 
by the behavior of metals and the 
reaction between metals at elevated 
temperatures and under irradiation. 
These problems include: (a) me- 
chanical behavior at elevated temper- 
atures, especially strengths, such as 
tensile strengths, creep, impact and 
fatigue strengths, and _ stress-to-rup 
of clad metal parts at elevated tem 
peratures, (c) corrosion behavior, (d) 
heat transfer and thermal conduction, 
(ec) thermal shock behavior of 
metal-nonmetal combinations, (f) 
radiation damage. 


Some of these problems are of 
physical, chemical or metallurgical 
nature. There is no precise border 
line between physical, chemical, and 
metallurgical problems and one maj 
say, in general, that they concern 
solid state phenomena. There are, 
of course, other materials problems 
connected with neutron absorption 
cross-sections of the reactor materials 
and the formation of radioactive iso 
topes in the removable components, 
while a problem of prime importance 
concerns the recovery of the unused 
fuel after removal from the reactor 
It may be stated that many of thes¢ 
problems cannot be solved by classi 
cal methods, and consequently new 
methods must be developed. Only 
partial solutions to some of the prob: 
lems have been achieved and security 
restrictions do not permit a complete 
discussion. 


MATERIALS & METHODS 

























Me 





Sins SMD 26 


Proctor a 


























> Metallurgical-Mechanical Problems 


at These concern practically all the 
f etals in the reactor, those for struc 

iral purposes as well as those which 
Ds ve may call ope rating parts, includ 


1 


the fuel metal, the fuel cladding, 





F he coolant. the moderator, and the 
d be 3 hielding. | 
00 | 5 [he basic difference between the 
ae q el metal and other common metal 
< } 
aia parts at elevated temperatures can 
best be described by the difference in 
direction of heat flow. Common 
qq py 
. metals during heating usually recezve 
uses i _: : 
the heat from the outside, whereas 
pera : aad . 
0 | the fuel metals produce the heat 1n- 
TI ternally from fission. While common 
i¢ ° on 
metals can be heated from the out- 
e Of a 
* side to a uniform temperature 
) € ‘ 
throughout, the fuel metal producing 
heat under irradiation will always 
fuel, have a higher temperature gradient 
a) <4 


sys between the center of the fuel ele- 


ral ment and the surface. This gradient 
actor is a function of many variables, the 
arily 


dee most important ones being: (a) neu- 
The tron flux, (b) shape and physical 
Nn ol = dimensions of the element, (c) type 
r1iZed and circulating speed of the coolant, 
the s and (d) thermal conductivity of the 




























ated ® fuel material. 
tion. ; Any mechanical calculations con- 
me- ; cerning fuel elements must take both 
Iper- » this temperature gradient and the 
h as 3 resulting stresses into consideration. 
and s These stresses, however, make pre- 
rup dictions of the behavior of the ele- 
tem ments very difficult. They affect the 
(d) strength and creep properties as well 
‘10n, ® as the stress-to-rupture values and 
ol B the fatigue of the material. 
(I) In addition, these stresses are of 
prime importance in all problems 
of a oncerning the bond between a solid 
rical fuel metal and the protective fuel 
rder | element cladding. Any high temp- 
and } crature reactor utilizing solid metallic 
may fuel elements needs a reliable bond 
ern between fuel metals and cladding, 
are, especially for heat conduction rea- 
ems sons. The cladding metal must be 
ion hosen very carefully. It requires a 
ials low neutron absorption cross section 
iso for neutron economy, its thermal ex- 
nts, pansion must approach that of the 
nce fuel metal and it has to resist cor- 
sed rosion under operating conditions. 
tor. As the fuel elements operate at ele- 
ese vated temperatures, care is required 
ssi to avoid diffusion of the fuel metal 
ew into and through the cladding dur- 
nly ing operation. 
ob Difficult metallurgical-mechanical 
“ity problems are encountered with the 
ete coolant and coolant transportation 





system when the coolant is a liquid. 
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Liquid metals are highly desirable 
from the heat conductivity stand 
point, and as long as the temperature 
onditions are stable, the mechanical 
problems concerning the liquid metal 
How 


coolant are relatively simple. 


ever, in cases Of non-uniform temp 
erature conditions, there is a danger 
that the 


change its 


liquid metal coolant may 
viscosity and with this, 
the friction conditions between cool 
ant and the coolant transportation 
system. Non-uniform temperature 
conditions may effect the 
circulation speed of the coolant and 
thus the heat itself. The 
mechanical problems in connection 
with coolant circulation pumps and 
the purification system will become 
immense if coolant viscosity changes. 

Attention is to be given also to 
the reactions of the liquid metal 
coolant with structural reactor mate- 
rials. Several types of attacks in 
liquid metals are possible, especially 
the direct solution of a material or 
its constituent, intergranular penetra- 
tion, formation of intermetallic com- 


therefore 


transport 


pounds, and others. 

Another mechanical problem with 
respect to the coolant transportation 
system is leak tightness. The tight- 
ness of the coolant pipe lines, circu- 
lation pumps, heat exchanger. etc., 
is of greater importance in nuclear 
power than in ordinary 
power stations. In the nuclear power 
coolant by 


stations 
station, the radioactive 
penetrating any leaks in the system 
would cause damages and dangers 
(fire, radioactivity) hardly to be 
evaluated in advance and practically 
impossible to correct after the dam- 
age was done. If this happened, a 
complete enclosure for the reactor 
would be necessary. Of course, struc- 
tural materials used in the reactor 
must be carefully chosen to with- 
stand the temperatures and radiation 
encountered while at the same time 
avoiding undue neutron losses. 


Corrosion 


Most of the corrosion problems in 
a nuclear power reactor are connected 
with the type, temperature, and pres- 
sure of the liquid coolant. There is 
a general agreement among reactor 
designers that the fuel material 


should be placed in a sealed con- 
tainer in order to prevent corrosion 
and erosion by the coolant. However, 
even in cases where the nature of 
the coolant does not promote cor- 
rosion, such as in the use of gaseous 









coolants such as argon, it will be 


necessary to clad the fuel material in 
order to prevent radioactive fission 
fragments from entering the coolant 


Some of the metals to be consid 


ered for cladding materials or for 
coolant pipe lines have been devel 
oped only recently and little 1S 


known about their corrosion behav 
ior. Where liquid metals are used 
as coolants, there is a certain danger 
that they may react with the cladding 
material. Corrosion in a_ nuclear 
power reactor may take place at the 
following points: (a) between fuel 
cladding and cooiant, (b) between 
fuel metal and coolant in case of an 
imperfectness of the cladding, (c) 
between coolant and coolant trans- 
including the 
welded joints, and (d) between 
coolant and heat exchanger or heat 


engine. 


portation systems, 


Static corrosion tests are not suth 
cient for testing the materials under 
consideration, since the coolant in 
the reactor circulates under pressure 
at a fairly high speed. The reactor 
proposed by the Dow-Detroit Edison 
Co. is designed to use sodium at 800 
to 1100 F as a coolant, circulating at a 
speed of approximately 30 ft per sec. 
One of the reactors planned by Com- 
monwealth Edison Co. is designed 
for heavy water at approximately 
420 F, circulating at 20 ft per sec. 
Corrosion are extremely 
difficult joints must 
be used since rates of corrosion may 
be increased by the presence of alloys 
formed during welding. 


problems 


where welded 


Many investigations on the cor- 
rosion resistance of various metals 
and alloys in liquid sodium were 
made under static and dynamic con- 
ditions. Pure iron, ferritic stainless 
steel (12-27% Cr), and austenitic 
stainless steel (18-8 and 25-20 Cr- 
Ni) have shown excellent corrosion 
resistance up to high temperatures, 
whereas low chromium steels and 
mild carbon steels show only poor 
corrosion resistance at temperatures 
above 100 F. Zirconium does not 
corrode up to 1100 F in liquid sodi- 
um, but shows only limited resistance 
at 1470 F. 

Temperature differentials in the 
flowing liquid metals result in inter- 
esting phenomena. Since solubility 
of a material in liquid metal depends 
on temperature, increased attack is 
possible by the so-called mass trans- 
fer process. Some metals dissolve in 
the hottest part of the coolant system 
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until the coolant is saturated at that 
temperature. This metal then pre- 
cipitates in the cooler zones until 
saturation at the low temperature is 
reached. Mass transfer is a metallur 
gical problem which requires further: 
careful investigation. 

Recent research and development 
work is directed towards the appli- 
cation of ceramic materials for power 
reactor purposes. Among the ceramic 
materials for fuel elements with high 
melting points are Uranium oxide 
(5072 F), Uranium carbide (4892 
F), and Uranium silicide (3092 F). 
Ceramic materials with high neutron- 
absorbing power include hafnium 
oxide and boron carbide. Corrosion 
tests have shown that ceramic mate- 
rials offer many advantages in nu 
clear power reactors. However, their 
low resistance to temperature shocks 
makes the application of these mate- 
rials still difficult. 


Heat Transfer and Thermal 
Conduction 


The useful thermal output of a 
nuclear power reactor depends on the 
operating temperature and on the 
efficiency of heat transfer from the 
fuel element, where heat is generated, 
to the heat engine, where heat is 
transformed into mechanical and 
electrical power. In order to obtain 
good heat transfer, the problem of 
thermal conduction must be carefully 
evaluated in the design of reactors. 
Thermal conduction between fuel! 
metal and cladding and between fuel 
cladding and coolant as well as be- 
tween coolant and heat engine or 
heat exchanger has to be studied es- 
pecially carefully. 

Any variation in thermal conduc 
tion between fuel metal and clad ling 
material can be detrimental to the 
reactor operation. The bond between 
fuel core and cladding must be satis- 
factory and reliable from a number 
of standpoints. Any non-uniformity 
in the bond can cause overheating in 
certain spots and in this way may 
cause stress, grain growth, and di- 
mensional distortion. Hot spots also 
promote diffusion of the fuel metal 
into and even through the cladding 
material. In the latter case the cool- 
ant and eventually the whole system 
will be poisoned. The bond between 
fuel core and cladding therefore 
must not only be uniform but also 
must prevent diffusion of the fuel 
metal through the cladding material. 
The bond must further be tempera- 
ture shockproof to protect against 





failure in case the reactor is suddenly 
shut down. The production of a 
itisfactory bond between fuel metal 
and cladding, although appearing to 
be a simple problem, actually repre 
sents a Major one. 

Another thermal conduction prob 
lem arises at the interface between 
the fuel cladding and the coolant 
Poor wetting properties of the cool 
ant or poor thermal conduction of 
coolant can hinder heat removal. As 
the materials for construction in a 
reactor frequently must be made 
from ‘uncommon’ materials, this 
heat conductivity study represents 
entirely new problems in many cases. 
The cooling of the moderator system 
represents another difficult prob ylem 
of heat conduction. 


Radiation Damage 


Radiation damage is an important 
problem in reactor design and is a 
problem entirely different in nature 
from any other. Experience in this 
field is new and experimental results 
are still incomplete. Metallurgist and 
solid state physicists are still search 
ing for a correct theoretical explana- 
tion for the phenomena observed. 

During the last few years, it has 
been shown that the physical prop- 
erties of many materials change un- 
der radiations. These changes vary 
with the type, density and duration 
of radiation, and also with the type 
and structure of the material. It is 
fairly well agreed at present that 
organic compounds are affected by 
beta, gamma and neutron radiation 
and the disturbances in the material 
can be well explained by ionization. 
Metals, however, being good electri- 
cal conductors, seem to be affected 
chiefly by neutrons. Some of the 
experimentally observed disturbances 
in metals can be explained and cor- 
related on the basis of a lattice 
vacancy picture, which considers dis- 
placements of atoms from their 
normal crystal lattice positions. It is 
understandable that the kinetic energy 
of a fast neutron is high enough to 
displace atoms during an elastic colli- 
sion and thus to disrupt the material. 
By such collisions, we may expect 
the creation of a number of lattice 
vacancies and the removed atoms 
may also displace still other atoms 
from the lattice. It is also possible 
that these displaced atoms excite lat- 
tice vibrations of a mean energy 
corresponding to a temperature 
higher than the average temperature 
of the material. 


One of the most important results 
of radiation is dimensional change 
This is often called “radiation d 
age in the literature. It is inte: 
ing to note that most of the changes 
in the physical properties of me 
On exposure to neutron radiat 
have a certain resemblance to 
changes occurring as a result of cold 
working, although the mechanism of 
these two types of changes are 


an entirely different nature. It also 


appears that a correlation exists be 
tween the degree of cold working, 
the heat treatment of a metal and 
the extent of changes under neutron 
radiation. (Editor's Note: Detailed 
information and data on _ th 

changes will be given in a Material 

Methods Manual to be published 
in Aug. 1954). 

These effects are not yet under 
stood completely and it is the opin 
ion of the author and others that 
studies toward a correct explanation 
of radiation damage effects should 
be vigorously pressed and will be o! 
great importance not only for reacto: 
design but probably also for a bette: 
understanding of many other solid 
state phenomena. 

The disturbances in metals caused 
by radiation represent one of th 
greatest materials problems in_ th 
design of power reactors, and the 
development work in this field maj 
eventually lead to entirely new types 
of materials 
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a These jet engine castings, made of magnesium rare-earth alloys, perform satisfactorily 


a 


at temperatures up to 500 F. 


Magnesium Casting Alloys 
for Elevated Temperatures 


Two families of alloys are now available: 


1. Rare earth zirconium grades suitable for 350-500 F service 


2. Thorium-zinc-zirconium grades for 500-700 F service 


@ ONE OF THE MOSI important 
helds of application for magnesium 
has been in internal combustion 
engines, especially for aircraft. Other 
fields are opening or are possibilities 
for the relatively new magnesium 
alloys which retain a good propor- 
tion of their strength at temperatures 
several hundred degress above aver- 
age air temperature. 

There are two families of elevated 
temperature alloys of magnesium. 
One of these is based upon use of 
the rare earths as the principal alloy- 
ing constituent, with zirconium 
added for grain refinement. The 
second family uses thorium as the 
principal alloying element. Here also 
zirconium is added for grain refine- 
ment, and zinc may be added for 
better mechanical properties at the 
higher temperatures, particularly for 
the long time creep strength. The 
use of zinc was a British develop- 
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by KENNETH ROSE, Mid-Western Editor, Materials & Methods 


ment. but it is now in American 


compositions also. 


Heat treatment improves creep 
strength of these alloys, but the 
solution heat treatment, requiring 


high temperatures while increasing 
short time tensile properties, greatly 
increases the danger of distortion in 


the piece. This distortion, however, 
is not to any degree greater than that 
obtained in solution heat treating the 
commercial magnesium-aluminum- 
zinc alloys. Heat treat temperatures 
for the important alloys of mag- 
nesium intended for elevated temp- 


5 


erature service are given in Table 2. 


Table 1—Percent Composition of High Temperature Magnesium Alloys 











Alloy | Rare Earths Zirconium Zinc Thorium 
EK30A 3.0 0.2 min 0.3 max 
EK41A | 4.0 0.5 min 0.3 max 
EZ33A 3.0 0.5 min 3.0 
HK31XA 0.7 £0 
HZ32XA 0.7 0 ; 
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One of the main fields of use for elevated temperature magnesium alloys In jet engine parts, magnesium alloys have advantages of 
is in aircraft engines. 


Properties 


The alloys based upon the rare 
earths as the principal alloying ele- 
ments are especially suitable for serv- 
ice in the 350 to 500 F range. The 
alloys having thorium as the princi- 
pal added metal retain their strength 
and particularly creep strength, at 
higher temperatures—of the order of 
550 to 700 F. 

The four rare earth alloys com- 
mercially available, EK30A-T6, EK- 
41A-T5 and T6. and EZ33A-T5 
have the nominal compositions shown 
in Table 1. They are covered by 
ASTM specifications. The rare earths 
are added as mischmetal. This is a 
mixture of closely related metals of 
the rare earth group containing about 
50% cerium with lanthanium, neo- 
dymium, and praseodymium in vary- 
ing amounts. The constituents other 
than cerium were at one time con- 
sidered as little more than impurities, 
but research has shown that the 


light weight and good creep strength. 


mixed metals produce better results 
than pure cerium. All three alloys 
have closely comparable physical 
properties. 

Typical strength properties for 
EK30A alloy in the solution treated 
and aged condition are given in 
Table 3. The effect of increasing 
temperature is shown by the results 
in Table 4, obtained with laboratory 
test bars. 


The EK41A alloy can be heat 
treated by a solution treatment fol- 
lowed by a precipitation hardening, 
or by a precipitation treatment (at 
only a slight sacrifice in tensile prop- 
erties) if it is desirable in order to 
reduce the danger of warpage. Typi- 
cal properties for the alloy in both 
conditions are given in Table 3. Typi- 
cal strength properties obtained in 
EZ33A in the artificially aged condi- 
tion, and without the solution treat- 
ment, are given in the same table. 

The effect of testing at elevated 


Table 2—Heat Treatments for High Temperature Magnesium Alloys 











Alloy | Solution Treatment Aging Treatment 
EK30A-T6 1050 F for 18 hr 400 F for 16 hr 
EK41A-T6 1050 F for 18 hr 400 F for 16 hr 
EK41A-T5 —_ 400 F for 16 hr 
EZ33A-T5 | — | 420 F for § hr 
HK31XA-T6 | 1050 F for 2 hr 400 F for 16 hr 
HZ32XA-T5 — 600 F for 16 hr 
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temperatures upon the strength prop 
erties of the EZ33A alloy is shown 
in Table 4. As can be seen fron 
these figures, all of the rare earth 
containing alloys begin to lose 
strength rather rapidly above about 
400 F. Strength and castability arc 
much the same for all of the four 
listed. Properties at 400 F and above 
are far superior to those of the stand 
ard magnesium alloys containing 
aluminum and zinc as principal alloy 
ing elements. Whereas creep strength 
of the rare earth-containing group 
would be about 8000 psi, at the 
400 F temperature, the standard 
magnesium-aluminum-zinc sand cast 
ing alloys would show only about 
1500 psi remaining at that heat. 

For service temperatures up to 650 
to 700 F, there are two magnesium 
alloys having thorium and zirconium 
as the principal alloying metals. 
These are designated HZ32XA and 
HK31XA, and have the nominal 
compositions shown in Table 1. 
Addition of zinc makes possible the 
use of the thorium-containing alloy 
without a solution heat treatment and 
gives better high-temperature long- 
time creep strengths. The HK31XA 
composition is given the complete 
heat treatment, consisting of solution 
treatment at high temperature and a 
precipitation or artificial aging treat- 
ment, and the HZ32XA receives the 
aging treatment only. 

Room temperature strength prop- 
erties of the alloys as determined 
from test bars in the laboratory are 
given in Table 3. Table 5 lists the 
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mparing all the elevated temp 
ind the 
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illoys standard sand 


alloys as to suitability for 


tem pe rature 


E 

. d 
&levated service, the 
s ndard sand casting alloys, such as 
1A792A (Dowmetal C) and AZ63A 
(Dowmetal H) or the newer alloy 
7K51A are suitable for use to about 
600 F, and, if 

Bhigh, may give satisfactory service to 
Babout 350 F. AZ91C has been sug- 


vested as a replacement for AZG63A, 
which shows a tendency to produce 


stresses are not too 


yorous castings. These alloys are 


Blowest 
Bqualities. 

The rare earth alloys are quite 
isimilar among themselves in their 
casting properties. They are more 
expensive, as the mischmetal added 


in cost and have good casting 


for alloying costs about $4.50 per Ib. 
EK30A 1s the 
ost because of its lower zirconium 


usually lowest in 


content. All the rare earth alloys are 
usually quite free from porosity as 
cast, but more liable to draws 
than the conventional 
aluminum-zinc series. They are, how- 
ever, superior in strength properties 
at temperatures in the 350 to 500 F 
range, and they may make possible 
a lighter casting if strength rather 
than castability determines the thick- 
ness of section in the design. 

W hen requirements call 
tor better properties than would be 
watlable from the rare earth alloys 
it temperatures above 400 F, the 
thorium-containing alloys should be 

ynsidered. They are considerably 
more expensive than the rare earth 
alloys, and are more difficult to cast 
satisfactorily. Of the two, the HK- 
SL XA alloy is superior to HZ32XA 
in tensile and yield strengths up to 
about 700 F and is superior in creep 
in short time total extension values 
tor lower testing temperatures. HZ- 
2XA is better in long time creep 
strength at the higher testing temp- 


are 


and misruns 


Service 


s eratures. 


A proper selection of a material 
lor a given application cannot be 
made upon the basis of service temp- 
erature limit alone. Stresses and 
‘urations for both maximum and 
normal temperatures should be con- 
idered in the selection. Knowing 
ne limits of stress and the length of 
me of operation at any given temp- 
be a proper selection can be 
lade, 
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Table 3—Room Temperature Properties of High Temperature 
Magnesium Alloys 











Tensile Yield Elong Compressive 
Alloy Treatment Strength, Strength, in 2 in., Strength, 
psi psi Y psi 
EK30A Sol. Treat. a \ ve 5 00 6.00 16.00 
EK41A Prec. Treat. 23,000 16,000 2 (mi 16,000 
EK41A Sol. Treat. and Aged 25,000 18,000 3 (mit 18,000 
EZ33A Aged 23,000 16,000 2 (min 16,000 
HK31XA Sol. Treat. and Aged 37,000 18,000 § 
HZ32XA Aged 32,000 15,000 10 








Table 4—High Temperature Properties 


of EK30A and EZ33A Alloys 











Tensile Yield Elong Stress for 
Alloy Strength, Strength, in 2 in., 0.2% Elong 
psi psi % in 100 hr 
EK30A 
7OF 23,000 16,000 3 
400 F 20,000 14,000 18 7200 
600 F 12,000 7000 56 1500 
EZ33A 
70 F 22,000 16,000 3 
400 F 21,000 10,000 21 7500 
600 F 12,000 8000 50 1400 








Table 5—Short Time High Temperature Properties of 
HK31XA and HZ32XA Alloys 











Tensile Yield Elong 
Strength, Strength, in 2 in., 
psi psi % 
HK31XA 
400 F 26,000 14,000 17 
500 F 24,000 14,000 19 
600 F 20,000 12,000 22 
700 F 14,000 9000 26 
HZ32XA 
400 F | 18,000 10,000 | 33 
500 F 14,000 9000 39 
600 F 12,000 8000 38 
700 F 11,000 7000 29 
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by W. A. ERNST, 


Materials Engineering, 


Westinghouse Electric Corp. 


® Reduce Weight 
® Simplify Design 


© Cut Repair Time 


@ AIRBORNE ELECTRIC GEAR must, in 
general, be provided with insulation 
and protection against severe climatic 
conditions and _ physical damage 
which might occur either in shipment 
or in service. These requirements are 
frequently met by the application of 
molding and casting techniques em- 
ploying various types of synthetic 
thermosetting resins. The increased 
use of these casting resins followed 
the trend to miniaturized and light- 
ened circuitry, necessitated by aircraft 
spatial and weight restrictions. 

The application of casting resins 
for the embeddment of miniature 
components has led to a new design 
concept in electronic circuitry, namely 
unitization. While molding of con- 
ventional size circuitry is rather im- 
practical due to the weight and vol- 
ume of the molding medium re- 
quired, the haphazard molding of 
miniaturized circuits is equally im- 
practical since it is impossible for the 
design engineer to eliminate all types 
of electrical failure. 

This led to the development of 
logical component grouping. Now, 
replaceable, unitized, functional com- 
ponents, and complete standardized 
assemblies such as feedback, net- 
works, oscillators, modulators, and 
a.c. amplifiers can be embedded as a 
complete unit. The molded units are 
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Clear resin is used as embedding medium on new circuits to show areas of maximum Eine 


stress as reflected by physical failures. When proper spatial arrangement of parts has on 


plugged into a chassis which also 
contains miniature tubes and some 
permanently mounted components of 
a highly reliable nature, such as trans- 
formers and magnetic amplifiers. All 
components are mounted on the side 
of the chassis, which is accessible 
upon quick removal of the equipment 
cover and only wiring remains under 
the chassis. 

This development reduces the 
maintenance problem in the field, 
since all components may be exam- 
ined at one glance for any obvious 
defects. Further, by using known 
good spare units, trouble-shooting by 
successive replacement of good units 
for units in the equipment can be 
done by relatively untrained person- 
nel. In the event that trained per- 
sonnel is available, trouble-shooting 
and repair time can be reduced con- 
siderably over that needed for con- 
ventional equipment, since by using 
readily available chassis test points, 
trouble can be isolated to a small 
block of molded units and the defec- 
tive molded unit quickly found by 
using a molded unit tester which is 
very similar in operation to a tube 
tester. 

Once the engineer has grouped the 
networks functionally, the individual 
components are examined and located 
carefully to minimize local heat 


been determined, units may be cast in opaque material (right). 


Plastic Embedded Miniature Unit Circuits 


build-up and conditions producing 
excessive strain, 1.¢e., sharp corners 
and gross differences in cross section. 
al area of the embedding resin. 


Plastics Used q 


Most plastics have a relatively hig! 
coefficient of thermal expansion and 
poor thermal conductivity. In addi 
tion, polyester type casting resins ar 
accompanied by a high shrinkage 
rate during polyme rization. All of : 
these factors combine to provide | 
points of high local stresses that can 
result in failure either during cure 
or under conditions of thermal shock 
While these faults cannot be elimi- 
nated from the casting resins, the use 
of a filler such as pulverized silica or 
alumina very markedly improves the 
embedding compound. Powdered si- 
lica, for example, used in a ratio of 
1:1 with a polyester resin, will ap- 
proximately double the thermal con- 
ductivity and halve the coefficient of 
thermal expansion and the shrinkage 
during cure, 

Miniature tubes generally radiate 
more heat per square inch of surface 
than conventional tubes. This makes 
rather severe demands on the thermal! 
stability and severely taxes the 
strength of the adjacent resin at ele- 
vated temperatures. This problem has 
been eliminated by first encasing heat 
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Bond require careful assembly. 


generating elements in silicone rub- 

ber, which provides a heat resistant, 
Bresilient, cushioning envelope be. 
Htween the embedding resin and the 
® critical tubes. The effect of severe dif- 
| ferential thermal expansion is thus 
Ereduced when the equipment is 
turned on under conditions of a very 
tlow ambient temperature. 
» On newly designed circuits, it has 
B been. found helpful to use a clear 

esin for embedding the miniature 
s assemblies in order to point up areas 
q maximum stress as reflected by 
p physical failures. This might not be 
apparent in an opaque material. An 
accompanying illustration shows the 
mounting and construction detail of 
; one type of miniaturized potted cir- 
cuit produced by Westinghouse 
which has been cast in a clear poly- 
ester resin. The construction is quite 
simple and would be almost flimsy by 
conventional standards. Yet, the only 
structural requirement for the assem- 
bly is maintenance of the spatial ar- 
rangement of components until the 
embedding resin has been cured. A 
rigid, protected, integral structure is 
the result, 


How It’s Done 

The equipment required for em- 
bedding miniature circuits is quite 
simple. Metal or plastic molds may 
be used, and in the latter case, a sin- 
‘le metal master pattern may be util- 
zed in conjunction with a plastisol 
(polyvinyl chloride dispersion in 
plasticizer which fuses and becomes 
solid upon the application of heat) 
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J individual miniature components for aviation electronic circuit are comparatively delicate 


to produce all of the necessary molds 
for production purposes. A simple 
vacuum system is also necessary to 
remove entrapped air and bubbles 
from the liquid resin before curing. 

Briefly, the procedure used for em- 
bedding the assembled miniature net- 
works is as follows: 

Heating elements are encapsulated 
with a silicone rubber. The coated 
unit is then placed in the mold and 
the embedding medium, typically a 
polyester-silica filled compound to 
which has been added a catalyst, is 
poured into the mold. The assembly 
is then placed in a vacuum system 
and a pressure of about 1 in. of mer- 
cury maintained for a few minutes. 
The pressure is released and the units 
are allowed to cure at room tempera- 
ture overnight. They are then strip- 
ped from the mold, the assembly fin- 
ished as though it were a conven- 
tional plastic part, and tested electri- 
cally. 

The successful adaptation of mold- 
ed, umnitized electronic circuits de- 
pends initially upon close contact be- 
tween the chemical engineer and the 
design engineer to insure the proper 
selection and use of a molding resin 
that is adaptable to the desired vol- 
ume of production. The cumulative 
experience now being gained with 
relatively high volume production of 
embedded, unitized structures is be- 
ing transferred to more and more 
commercial and civilian consumer 
products with the advantage of in- 
creased reliability and lower mainte- 
nance costs. 


Components assembled on pinched plastic end sup- 


ports and fastened to plug-in socket. 


After 


miniature units are placed in split metal molds. 


visual inspection and actual circuit testing, 





Clamps hold two halves of mold together as em- 
bedding medium is poured over unit. Assembly is 
then placed in a vacuum system and a pressure of 






1 in. of mercury maintained for a few minutes. 
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Fig 1 Conductor 


Semiconductors 
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Fig 2 Semiconductor 


WHAT THEY ARE 


HOW THEY WORK 


by T. R. LAWSON, JR. Materials Engineering Dept., Westinghouse Electric Corp. 


Because the use of semiconductors is becoming increasingly com- 
mon, it is important and necessary that a knowledge of the limitations 
and idiosyncracies as well as the vast potential of semiconducting 
materials be shared by the engineers and designers who will be using 
them. This first of two articles is designed to familiarize the lay en- 


gineer with semiconductors. 


In it, basic operational principles are 


outlined which lead to an understanding of the problems faced in the 
field. A second article to appear in a subsequent issue will round up 
the progress to date in the development of semiconductors and the 
materials used to protect them from temperature, corrosion and con- 


tamination. 
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Fig 3 Doped Semiconductor 


@ SELDOM HAS ANY group of m 
terials so quickly vaulted into a pos 
tion of prominence, Or sO great 
aroused the imagination cf the tect 
nical public as have the semicondi 
tors, as exemplified by the transisto: 
On the other hand, the detail 
mechanism of conductivity in sen 
conductors is not widely understoo 
This may be due in part to the 
peculiar electrical properties — the 
are quite literally half conductor 
half insulator: but another contri 
uting factor is the unfamiliar ele 
trical concept—that of the flow « 
“holes” as well as electrons—con 
monly used to describe the passag 
of current through the materia 
Semiconductors have other unusua 
characteristics, but considered on 
fundamental basis, and non-mathe 
matically, their operation is less di! 
ficult to follow. 

The conductivity of semiconducto 
materials, as the name implies, lies 
between those of conductors and in 
sulators. The resistivity range 0! 
semiconductor materials does no! 
have sharp boundaries, but lies ap 
proximately between 10°? ohm-cm 
and 10° ohm-cm (for comparison 
copper resistivity is about 1.7 x 10 
ohm-cm and Neoprene is of thé 
order 10’? ohm-cm). But perhaps 
the most definite criterion of a sem! 
conductor is its anomalous change in 
resistivity with temperature. Instead 
of increasing with temperature, 4: 
do most conductors, the resistivit) 
of semiconductors decreases, 1.¢. 
these materials have a negative tem- 
perature coefficient of resistivity. The 
temperature range for which this be- 
havior holds depends on the particu: 
lar semiconductor and may not b 
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om temperature. The thermistor is 
ypplication of this property. 
Another identifying factor is a 
free’ electrons, common 
Herein 


city of! 


onductors. lies another 
tion between conductors, semi 
tors. and insulators. In a con 
or, the outer ring of electrons in 
atomic structure becomes a mo 

matrix cementing the atoms to- 
ther. The electrons in the matrix 

rree tO move and provide a 
conduction. In a semi- 


valence 


eans of 
yaductor or insulator, the 
electrons take part in a relatively 
table bond between atoms. As will 
be seen, they are an integral part of 
the bound-together collection of 
atoms that constitute the material. 
Considerable energy is necessary to 
these electrons free of their 
atoms. One difference between a 
semiconductor and an insulator lies 
in how easily these valence electrons 
freed for conduction pur- 
The energy required to break 
a bond in an insulator is large com- 
pared to the energy required in a 
semiconductor. 


shake 


an be 
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These three factors—conductivity 
between that of insulators and con- 
ductors, negative temperature coeffic- 
ient of resistivity, and type and de- 
gree of binding force—are means of 
identifying semiconductor materials. 
Obviously, semiconductors are unique 
material, with some charcteristics of 
onductors, others of insulators, and 
some unique to themselves. 


A fourth, and sometimes trouble- 
some characteristic of semiconducting 
materials is the extent to which their 
electrical properties depend on im- 
purity content, method of prepara- 
tion, and heat treatment. For ex- 
ample, while the resistivity of 
conductors is relatively insensitive to 
crystallographic imperfection and 
heat treatment, even minute varia- 
tions in these factors have a drastic 
effect on a semiconductor’s resis- 
tivity. 


How Conductors Conduct 


Consider first the mode of conduc- 
tion for a normal conductor, such as 
opper. The metals commonly used 
to carry electric current are formed 
‘rom many almost identical crystals. 
hese crystals are made up of atoms 
built together in a definite form. The 
mechanism of cohesion between these 
atoms (the “metallic bond’’) is not 
fully understood, but it is known that 
the electrons attached to the outer- 
most orbit of each atom (valence 
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electrons) become free, that is, they 


no longer belong to any individual! 
atom. In any given metallic crystal, 
a certain number of free, or mobile, 
electrons for each nucleus are present 
in the crystal, approximately 10° 
electrons per cubic centimeter. When 
field 


of crystal, the mobile electrons are at- 


an electri is applied to this type 
tracted or reé pelled, as the case may be, 
and move with considerable rapidity. 
The ease with which electron motion 
occurs is represented quantitatively by 
two figures called the “specific resis 
tivity’ and the ‘mobility of electrons’’ 
in the material in question. Mobility 
need not be considered here, but more 
must y. The 
larger this figure becomes, the mor« 
difficult it is to pass current through 
the metal. Typical resistivities of 
common materials at room tempera- 
ture ate shown below. 


be said about resistivity. 


Copper 10-®° ohm cm 
Iron 10 

Aluminum 10-5 

Germanium  (99.9999%) 0.1 
Silicon (99.9999%) 1 
Bakelite (140) 107 
Celluloid 101° 

Shellac 1016 


How Semiconductors Conduct 


In the so-called semiconductor 
materials, the mode of conduction 
and the order of resistivities obtained 
are entirely different. Whereas in the 
metallic built 
metallic bond, the valence electrons 
of each atom are freed for conduc- 
tivity, in the case of semiconductors, 
the valence electrons of the atoms are 
in relatively fixed bonding positions 
They become an integral part of the 
sttructure of the material. A _ di- 
agrammatic sketch of this difference 
in crystalline structure is given in Fig 
1 and 2. The ideal case as given in 
Fig 2 is not obtained in nature. 
There is never a perfect combination 
of all electrons; some electrons are 
always available for conduction. 
These, however, are present in very 
minute quantities as compared to a 
normally conducting material. 

A semiconductor is not merely a 
poor conductor. For example, gra- 
phite and various resistor mixes 
(graphite and clay) are poor con- 
ductors but not semiconductors. Even 
such poor conductors have vastly 
more free electrons than semiconduc- 
tors, and no not have a negative 
temperature coefficient. 

In a conductor, the valence elec- 
trons of each atom are not used in 


conductor, with the 


crystal structure and are so loosely 


connected to their respective atoms 
that even with the thermal energy 


present at very low temperatures they 
can be considered free, that is, no 
longer associated with a piven atom. 


[he resistivity o! a conductor i 


| 


largely determined by the degree ol 
perfection of the lattice through which 
it moves. Theoretically, in a perfectly 
pure, flawless single-crystal conductor 
at a temperature of absolute zero, 
the resistivity is zero. Departures 
from perfect periodicity in the lat- 
tice give rise to resistance to motion 
of conduction electrons. Thus the 
thermal agitation of the atoms about 
their position of equilibrium gives 
rise to the characteristic increase of 
resistivity with increasing tempera- 


ture. 


Electrons and ‘Holes’ 


An additional method of 
tion occurs in semiconductors: the 
flow of “holes.’’ Nearly everoyne has 
seen the game wherein a number of 
blocks are plac ed in a frame with one 
more space than there are blocks. 
The object of these games ts to rear- 
range the blocks in a specific order 
by simply sliding the blocks and not 
removing any of them. The system 
used in the solution of these puzzles, 
if observed from a new light, illus- 


conduc- 


trates that when a block is moved 
the space, or hole. is also moved. 
That is, even though the space has 


no mass, per se, it appears to move 
as the blocks, which do have mass, 
are moved. Again referring to Fig 
2, if an electron were missing from 
one of its usual positions in the crys- 
tal lattice, a ‘hole’? would exist. Un- 
der the proper conditions, an electron 
from an adjacent bond may fall into 
this hole. The hole, of course, then 
appears in the space vacated by the 
electron. Since the material shown 
in Fig. 2 was originally electrically 
neutral, when an electron is removed 
from this lattice, the area from which 
the electron was removed shows a net 
positive charge. 

Both holes and electrons exist at 
the same time in semiconducting ma- 
terials. At sufficiently low tempera- 
tures, each electron in a semiconductor 
is bound to an atom. At a higher 
temperature a few of the electrons 
will be released from the parent atom 
by thermal agitation and will be 
free to wander through the lattice in 
much the same fashion as electrons 
are released from gas atoms by ioni- 
zation at extremely high tempera- 
tures. When an electron is removed 
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from its normal place in a crystal 
thermal agitation, it 
simultaneously leaves a hole in the 


structure by 


crystal structure 
Electrons can be injected into a 
semiconductor by the simple expedi 
to the 
semiconductor and applying a nega 
tive voltage to this electrode. Some- 
what more difficult to visualize, but 


} 1 } 
ent of attaching an electrode 


by the same process, holes may be in- 
jected into a semiconductor by attach- 
ing an electrode and applying a posi- 
tive potential. 
electrode possesses great affinity for 
electrons and attracts electrons in the 
vicinity of the electrode from their 
normal positions in the crystal lattice. 
Subtraction of electrons amounts to 
the same thing as the addition of 
holes, as long as electrons, injected 
from the other electrode, do not re- 
place those subtracted. Therefore, a 
positive electrode can be used to in- 
ject holes in a semiconductor. As 
will be seen, this ability to add 
subtract holes from semiconductors 
explains much of their usefulness in 
practical devices, such as rectifiers. 
While holes and electrons can and 
normally do co-exist in the same 
specimen of semiconductor, the num- 
ber of each that will exist at any time 
is governed by a mass action law sim- 
ilar to that applyi ing to chemical reac- 
tions. A state of dynamic equi- 
librium exists, with electron-hole 
pairs being continually created by 
thermal agitation and destroyed by 
recombination | 


A positiv ely charged 


The Role of Impurities 


The considerations thus far have 
pertained to a pure semiconductor. 
Such a material does not exist. All 
practical semiconductors have greater 
or lesser quantities of several impuri- 
ties. Impurity concentrations greater 
than about 0.001% cause the semi- 
conductor to lose its characteristic 
properties and behave more like a 
metal. However, when the concen- 
tration of the impurity becomes very 
minute, the quantity of the impurity 
and identity of the impurity deter- 
mine, to a startlingly high degree, 
the properties of the semiconductor. 
For example, by extrapolation it has 
been determined that the specific re- 
sistivity of pure germanium is ap- 
proximately 60 ohm-cm. The pres- 
ence of as much as 10-*% of an im- 
purity may reduce the specific re- 
sistivity of the same germanium to 
less than 0.1 ohm-cm. Reference to 
Fig 3 shows why this is so; here is 


ev) 


atom in a germanium matrix. 


Notice that arsenic has five valence 


electrons. Four of these are used 
building the 
crystal structure of the 
Che re 


for conductive 


germanium. 


} 


maining electron becomes free 


purposes Since €X- 
conduction electrons 


germanium al 


tremely few 
exist 1n pure room 
ep the 
minut ig co ol 
Manium Causes 
conductivity. 
Other elements having five val- 
ence electrons (such as phosphorus, 
antimony and bismuth), when they 
are impurities in germanium, 
the same increase in conductivity. 
Elements having only three valence 
electrons, when present as impurities 
in germanium, produce a deficiency 
of electrons—in other words, holes. 
Examples of these elements are alum- 
inum, indium, and gallium. Semi- 
conductors whose principal current 


addition of even 
arsenic to ger 
narked increases in 


cause 


carriers are electrons are known as 7 
(for negative) type conductors. 
Those in which the principal mode 
of conduction is by holes are known 
as p (for positive) type conductors. 
A very minute difference in the quan- 
tity of impurity may change the mode 
of conduction of a semiconductor 
from that of -type to p-type or vice 
versa. 

The usual process of preparing 
semiconductor materials for device 
work is to purify the material to the 
highest degree possible. This ma- 


terial is usually although optimis- 
tically called intrinsic material: 
more accurately, intrinsic means 


100% pure. A measured quantity of 
impurity is then added, just sufficient 
to produce the desired resistivity and 
conductivity type. This process of 
adding impurities is called doping, 


. 


depicted the presence of an arsenic 


arsenic atom into the 


and the resulting materials are called 
doped semiconductors. 

Both types of carrier are a 
a semiconductor even if it 1s pred 


inantly #- or p-type he an 7-1 


semiconductor, the electrons 
called the 


holes are called the minority carrier 


majority carrier and 
The reverse is true for a p-type semi 
conductor. 

Although holes and electrons can 
COeXxISI In a given semiconduct yr 
body, they eventually combine. The 
average time in which a given free 
electron can exist in a semiconductor 
before combining with a hole is 
termed the lifetime of an electron. In 
many semiconductor devices, it is im- 
portant that the lifetime of the minor 
ity carrier be made as long as pos- 
sible, since it is the change in minor- 
ity carrier that alters the conductivity 
of the semiconductor. The surfaces 
of a semiconductor crystal contain de- 
fects that tend to foster the recom 
bination of holes and electrons. Since 
it is desirable that holes and electrons 
exist separately for as long a time as 
possible, it becomes apparent that the 
number of crystal surfaces should be 
reduced as much as possible. This 1s 
done by constructing semiconductor 
devices from single crystal material. 
Producing large single crystals of 
uniform prescribed resistivity is any- 
thing but an easy job. Herein lies 
one of the major stumbling blocks in 
the wider use of semiconductor de 
VICES 

Faults in the semiconductor crystal 
also produce regions of high rate of 
recombination of holes and electrons. 
A high recombination rate produces a 
low lifetime of minority carrier. Thus 
a usable semiconductor not only must 
be a single crystal, but that crystal 
must be as structurally perfect as pos- 
sible. Lifetime of the minority car- 
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Effect of impurity additions on energy levels of electrons in semi-conductors 
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a measure of the rate of re- 


S 


ination and, therefore, also a 
ire of the rate of generation ol 
lectron pairs. It can be seen 


the minority carrier lifetime is 
eneration of hole-electron pairs 


high. 


The P-N Junction 


he simplest junction device is the 


junction—a crystallographically 


ontinuous union of an » and p 
cion of a semiconductor. This p-7 
ction has remarkable rectifying 


nroperties. 
~ Tet us re-examine the bond struc- 
ture in a doped semiconductor. When 
donor atoms are present in the crys- 
they provide electrons of much 
higher energies than those in the un- 
xcited intrinsic semiconductor. Ther- 
mal Be agers of the crystal at all 
yrdinary temperatures 1s sufficient to 
ion these electrons and thus pro- 
electrons for conduction 
in the excited 


ia free 
(these electrons are 
state or conduction band). When ac- 
eptor atoms are present, they pro- 

vide energy levels for electrons which 
are slightly above those in the unex- 
cited state of the pure semiconductor. 
Consequently, thermal agitation of 
the crystal at all ordinary tempera- 
sufficient to raise electrons 
from the unexcited state (or full 
band) to the slightly higher impurity 

veils 
Visualize what occurs when the 
onductivity type of a semiconductor 
hanges abruptly within a single crys- 
tal. In two materials in close con 
whose average upper energy 
levels are different (see Fig 4), an 
tron flow occurs from the region 
of high electron energy to that of low 
electron energy. This transfer of 
harge will continue until the elec- 
trostatic energy of the dipole, built 
up within the semiconductor, just 
balances for former difference in 
average upper electron energies be- 
tween the two types of semicon- 
luctors. 

It is this dipole electrostatic poten- 
tial barrier that produces the rectify- 
ing properties om equilibrium p-7 
junction. 

As can be seen from Fig 5, it is 

iore difficult to move an electron by 
‘ome external source from the p-type 
o the n-type region than the con- 
erse. Visualize what happens when 
lectrodes are attached such that the 

type region is made positive with 
cspect to the p-type region. The po- 
‘ential barrier is thus made much 


tures 1S 
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Fig 5  p-n junction in semiconductor crystal 
higher. The electrons present in the 
p-type region will have to climb this 
potential hill in odrer to carry cur- 
rent into the n-type region. This 
represents a high impedance to cur- 
rent attempting to flow in cs direc- 
tion. On the other hand, the 7- 
type region is made ree with 
respect to the p-type, the potential 
barrier is decreased and the current 
flow occurs much more easily. 

When lifetimes of injected carriers 
are large and the net rate of genera- 
tion of carriers small, it is possible, 
by applying a field in the high resist- 
ance direction, to drain off the car- 
riers from the edge zones of the p-” 
junction faster than they can be gen- 
erated so that the concentration of 
carriers in these regions becomes very 
small. The current through the junc- 
tion is then much smaller than that 
obtained in the equilibrium p-” 
junction, and furthermore, is inde- 
pendent of voltage, being determined 
by the diffusion currents from the 
bulk materials to these highly de- 
pleted zones. 

Semiconductor devices can do al- 
most anything that vacuum tubes can 
do—amplify, rectify, oscillate, limit, 
count, etc—more efficiently and in 
smaller space. Reliabilities are ex- 
pected to greatly exceed those of 
vacuum tubes. They are presently 








in chemical bond 


limited in frequency response and 
noise level, but improvements are 
being made continually in the direc- 
tions of better design configurations, 
purer materials, and new circuitry. 
The problem of limitation on ambi- 
ent temperature of operation is being 
solved by the appearance of new de- 
vices perfectly stable to at least 300 F. 

Technological difficulties continue 
to hinder the development and manu- 
facture of semiconductor devices. For 
one thing, semiconductors are ex- 
tremely difficult to purify to the ex- 
tent required for semiconductor de- 
vices. Most chemical purification 
procedures are considered successful 
if the resulting material is 99.9% 
pure. In a semiconductor device, a 
purity of the order of 99.99999% is 
required. In addition, nearly all new 
devices require the use of single crys- 
tal material which is rather difficult 
to obtain. In many semiconducting 
devices exact control of geometries at 
the level of mils is required. Great 
strides, however, are being made in 
the solution of the problems. 

The theory ak application of 
semiconductors, while yet in its in- 
fancy, promises minor revolutions in 
the communications and power fields. 
On further development, such de- 
vices will change our concepts of 
electronic equipments. 














These aluminum cases, shown after nickel plating, can be resealed up to 10 times by soldering. Left to right: computer case, com- 


puter control case and indicator case. 


A joining problem is licked by.... 


Nickel Plating Aluminum 


by M. W. RILEY, Assistant Editor, Materials & Methods 


@ ALTHOUGH NICKEL PLATING of 
aluminum is seldom done for corro- 
there are 
specialized applications where it can 


sion protection, many 
be most effective in accomplishing 
a desired result. Solderability is a 
case in point. Soldering of aluminum 
presents many problems, and carry- 
ing out the operation on a produc- 
tion line basis is difficult. The 
nickel plate on aluminum parts has 
good solderability and an additional 
advantage is gained by the fact that 
the soldered joint can be broken and 
resoldered again and again. 

The Ford Instrument Co., in the 
development of their navigational 
computer for the Air Force, used this 
property of nickel plated aluminum 
to solve a tough sealing problem. 
Three of the components of the 
navigational computer are the com- 
puter, the computer control and the 
indicator. The cases for these com- 
ponents are made of 61S-T6 alumi- 
num sheet and 52SO aluminum 
forgings. After the assembly of the 
mechanisms inside the cases, the 
cases are soldered, hermetically seal- 
ing the mechanisms in an inert-gas 
atmosphere. One of the main re- 


96 


quirements for the soldering of the 
cans is that they be resolderable, 
allowing the cans to be opened for 
repair or adjustment and then re- 
sealed. 

Both cadmium and copper were 
considered as plating materials, but 
drawbacks encountered with both 
metals led to the selection of nickel. 
Soldering cadmium plate is a one- 
shot affair since the cadmium tends 
to go into solution with the normal 
60-40 lead-tin solder used, and the 
joint cannot be opened and _ re- 
soldered. Though the copper plate 
could be resoldered, the heat of the 
iron used in the open solder weld 
joint oxidizes the copper, and tends 
to break down the plate, reducing 
the number of resealing operations 
possible. With the nickel plate, the 
aluminum cases have been opened 
and resoldered up to 10 times with- 
out appreciable damage to the plate. 
A correlary benefit is derived from 
the corrosion resistance of the nickel 
plate. 


Why Is It A Problem? 


There are two main difficulties in 
plating on aluminum. First of all 


each of the alloys of aluminum has 
a different metallurgical structure. 
The alloying elements may be pres- 
ent in solid solution in the aluminum 
lattice or as micro-particles of the 
elements themselves, or as particles 
of intermetallic compounds formed 
by the combination of the alloying 
elements and the aluminum itself. 
These various forms may have differ- 
ing chemical and electrochemical re- 
activities, resulting in an inconsistent 
reaction to the plating material across 
the surface of the aluminum. 

The other difficulty is the ever- 
present oxide film found on alumi- 
num surfaces. In order to secure a 
bond of optimum strength between 
the aluminum and the plating metal, 
this oxide film must not remain be- 
tween the two. The method of insur- 
ing removal of this film is by a 
replacement coating of another metal. 
Aluminum, being a less noble metal 
than most of the common ones, will 
readily replace many of them from 
solutions of their salts. This is the 
basis of the zinc immersion treat- 
ment. By immersing the aluminum 
in a sodium zincate solution,’ the 
oxide film is removed and replaced 
by a thin adherent film of zinc. 


MATERIALS & METHODS 








The nickel plating line for aluminum parts 
on the left. 


How It Is Done 


Since the ultimate success of the 
scaling operations depends on a high 
quality and adherence of the nickel 
plate, the technique developed by 
‘ord Instrument is followed closely. 
Virst the parts are degreased 
horoughly. They are then put 
hrough an alkali cleaning, rinsed, 
nd immersed in sulfuric acid. After 

subsequent rinse, they are soaked 
n nitric acid, rinsed again, and agi- 
ited in the sodium zincate solution. 

To gain the best plating results, 
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it was found that after the first zinc 
coating was applied, the zinc should 
be stripped in nitric acid and the 
whole cleaning operation repeated 
before the final zinc coating is ap- 
plied. 

After removal of the parts from 
the sodium zincate solution they are 
rinsed thoroughly and immersed in 
the plating tanks which are “alive” 
at the time of immersion, in order 
to assure immediate plating with no 
loss of the zinc coating. The plating 
solution is maintained at a tempera- 
ture between 70 and 90 F with a 








includes the cleaning and zinc immersion tanks on the right and the plating and rinse tanks 


current density of 5 to 15 amp per 
sq ft of work surface. Plating is 
continued until thickness of the 
nickel reaches 0.0005 in. 

After plating, inspection require- 
ments call for checking the plate for 
15 min at 500 F as well as a visual 
inspection for blisters. The ends of 
the cases are then joined to the sides 
with an alcohol rosin flux and a 60- 
40 lead-tin solder. This seals the 
mechanisms inside and insures the 
maintenance of the protective inert 
gas atmosphere. 























@ SILICONE FORMULATIONS that are 
capable of curing to rigid solids have 
been receiving increased attention in 
recent months, due to the appearance 
of new types, and to the need for 
such materials in fast-flying jet air- 
craft. Most important in this respect 
are several resins that can be used 
with glass cloth to fabricate lami- 
nates at low pressures. 

The laminates so produced have 
the heat-resistant properties typical 
of the silicone family. They are also 
extremely moisture-resistant, are not 
attacked by most chemicals, and 
possess good strength both at low 
temperatures and at elevated temper- 
atures. Their strength-to-weight ratios 
at elevated temperatures are superior 
to those of usable metals, an impor- 
tant consideration in supersonic air- 
craft. When used in electric motor 
insulation, they have many times the 
life of previously available silicone- 
glass laminates. 

The new resins are produced by 
Dow Corning Corp. and are offered 
under the designations 2104, 2105, 
and 2106. Of these, the 2104 mate- 
rial is used for laminates of simple 
to complex shapes, and for electrical 
insulation where elevated tempera- 
ture resistance is of value. The 2105 
formulation is especially adapted to 
electrical insulation, and the 2106 
type offers better strength and faster 
cure, important to structural lami- 
nates. In addition to its suitability 
for low pressure laminating, the 
2106 resin has possibilities as a high 
pressure laminating resin for electri- 
cal components. 


Three New Silicone Laminating Resins for.... | 





Parts made of glass cloth and 2106 grade silicone resin display high strength even after 


long exposure to elevated temperatures. 


|. High Strength 


Another resin, intended to have 
greater physical strength and faster 
cure, is the 2106 type. Laminates 
produced with this material also have 
excellent electrical properties, but it 
seems destined to win its most im- 
portant applications in aeronautical 
and industrial fields. Glass fabric is 
impregnated with the resin in the 
conventional manner and precured at 
about 225 F for 5 min. As with 
other silicone resins, special release 
agents should be used when prepar- 
ing the laminated forms. 





Low pressure laminates of less 
than 1/, in. thickness can be press 
cured at about 350 F and 30 psi for 
about 1/, hr. The time should be 
extended to 1 to 3 hr at the same 
pressure and temperature for lami- 
nates of 1/4 in. or over. Indications 
are that thin laminates may be re- 
moved hot, but the press should be 
cooled to about 225 F before remov- 
ing most laminates. An aftercure, 
consisting of gradually heating th 
parts to 480 F in an air circulating 
oven and holding them at that temp 


Properties of Silicone Glass Laminates Bonded with 2106 Resin 
(After 48 hr cure at 480 F) 





Tensile Strength, psi 
room temp. 
at 500 F 


Compressive Strength, psi, room temp. 


Flexural Strength, psi 
room temp. 
at 500 F 

Water Absorption, %, 24-hr immersion 








Thermal Coefficient of Expansion 


Specific Gravity 


Arc Resistance, sec. 





Dielectric Strength, v per mil 





Made With 
Type 181 Cloth 


40,600 
30,700 


21,300 


50,000 
18,300 


0.09 


6.06 x 10% 
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after 
low pressure glass-reinforced laminate bonded with 2104 grade (left test panel) remains unchanged at temperatures approaching 
} 800 F. Conventional organic resin (right) smoked and charred badly. 
CSS 
TESS j . 2 
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steel Properties of Silicone Glass Laminates Bonded with 2104 Resin of glass fibers, mica, or asbestos. It 
re- cures to a thermosetting material, but 
1 be oe - the laminates retain a measure of 
reguiar cure 32,000-36,000 ~~ , , > > > y 
10V- A 35,000-45,000 formability when heated. A catalyst 
ure, at 500 F after hr at 500 F 22,000-25,000 is required with this and the other 
th two silicone resins to complete the 
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— at 1000 F after 2 hr at 1000 F 4200 pressure laminating. 
Ponstel Sincnads, ast _ The laminates are cured ordinarily 
; regular cure, room temp. 34,000—44,000 for 16 hr at 200 F, and 2 hr each 
regular cure, Y2 hr at 500 F 5500-9000 at 250, 300, 350, and 390 F. An 
additional high temp. cure at room temp. 25,000-35,000 additional treatment for 140 hr at 
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at 500 F after 2 hr at 500 F 12,000-15,000 450 F may improve properties. some 
at 600 F after 2 hr at 600 F 12,000-15,000 typical properties of  silicone-glass 
at oe : _ : hr at 700 F 12,000-15,000 fiber laminate when formed at pres- 
at after Y2 hr at 800 F 11,000-—12,000 oa 2 ak ‘etd ; 
at 900 F after Ys hr at 900 F 8000-10,000 sures less than 30 psi are listed in 
- at 1000 F after 1 hr at 1000 F 5000-8500 the table. . ne 
4 _— ns ator een an ememauaaenmnatate . an SA —- Laminates made with 2104 resin 
: impact Str., flatwise, after additional high temp. cure 25.2 ft. Ib per in. of notch and inorganic materials meet the 
ues i © .. ae requirements of Class H_ electrical 
after regular cure less than 0.5% insulation. It is used to bond slot 
4 after additional high temp. cure 1.0-1.3% liners and wedges, coil forms, coil 
| —— - —_-——--- —-- — —— ——— - ; 
| . i Specific Gravity 1.70-1.85 separators, etc. 
1 Dielectric Strength, 1/8 in. thick, v per mil 
after regular cure 400 v per mil 
— ' after additional high temp. cure 80-100 v per mil 
Arc Resistance, sec 
after regular cure 300 sec 
after additional high temp. cure greater than 350 sec 99 
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Low pressure silicone-glass laminates can be made easily in a wide variety of shapes and sizes. 


3. Electrical Insulation 


Type 2105 resin is especially suit- 
able for electrical applications. The 
laminate has 
about 100 times the life expectancy 
of the former glass-silicone materials 
in electrical machinery, according to 
company reports. 


glass cloth-silicone 


Glass cloth for laminating with 
this resin is impregnated in the usual 
way, and is then precured for about 
10 min at 225 F. Flat laminates are 
laid up and pressed at 300 to 1500 
psi, and 350 F to 480 F is the press 
temperature range. For a 1/8-in. 
laminate, cure will be accomplished 
in about 1/, hr at the lower tempera- 
ture. The press should be cooled to 
below 210 F before removing the 
laminate. Curing the laminate for 3 
to 6 hr in the press at 480 F elimi- 
nates the need for an aftercure. 
Otherwise, the laminate is postcured 
in an oven for a period of 16 hr at 
about 200 F, followed by curing at 
temperatures gradually increased to 
480 F over a period of 14 hr. 

While physical and other proper- 
ties are greatly influenced by such 
factors as type of resin and glass 


cloth used, the percentage of resin, 
and the method of forming and 
curing the laminate, and the typical 
properties given in the table are of 


interest as 





a guide. Transforme: 


tubes and motor insulation are some 
of the products for which the mate 
rial is being used or tested. 


Properties of Silicone Glass Laminates Bonded with 2105 Resin 
(After 6 hr cure at 480 F) 





Type 116 Cloth 


Made With: 


Type 181 Cloth 





Flexural Strength, psi, flatwise 
at room temp. 
at 500 F 
Aged 100 hr at 480 F and tested: 
at room temp. 
at 500 F 
Water Absorption, % 24-hr immersion 


Dielectric Strength, 1/8 in. thickness, v per mil 








Arc Resistance, sec 

Power Factor 
10? cycles 
10° cycles 

Dielectric Strength, 480 F, v per mil 
for 6 hr, v/mil 
for 5000 hr, v/mil 





24,000 
3300 


24,400 
4600 


0.05 


310 


260 


0.015 
0.0051 


300 
180 


43,000 
4900 


43,000 
8000 


0.15 


| 300 
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Drawn Shapes from Metal Powders 
Now Possible 


by ROBERT STEINITZ, Research Supervisor and 
JOSEPH P. SCANLAN, Project Engineer, American Electro Metal Corp., 
and FRANK I. ZALESKI, Metallurgist, Frankford Arsenal 


Developed primarily for cartridge cases, this new 
method of making iron powder preforms may open a vast 
new field of application for metal powders. 


@ THE USE OF iron powder as the 
raw material for cartridge cases has 
een considered for sometime. How- 
ever, the thin wall section of the 
finished case makes it impossible to 
produce this part directly from pow- 
der by the standard methods of 
pressing, sintering, and repressing. 
The ratio of height to diameter of 
the finished piece is also too large 
for successful pressing. However, it 


| 
' 
) 


LY, 1954 


is possible to produce satisfactory 
preforms, from metal powders, which 
can be drawn. These preforms are 
small cups about an inch high and 
an inch in diameter, which are read- 
ily produced by pressing and sinter- 
ing. 

Based on the work done to date, 
advantages of metal powder drawing 
preforms appears to be: 

|. Eliminates scrap losses associ- 


~ 


“reforms produced by conventional metal powder processes are deep drawn into cups suitable for the production of cartridge cases. 


ated with blanking stage in 
conventional blank-cup-and 
draw process. 

Raw material conveniently 
available from a large number 
of sources. 

Raw material has any desired 
degree of purity and the addi 
tion of alloying elements, such 
as carbon, is possible. 
Preforms can be molded to the 
most suitable shape for deep 
drawing. Base thicknesses of 
desired values can easily be 
obtained, thus eliminating the 
need of moving material into 
the base during drawing oper 
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ations, 


5. No blank-cup-anneal operations 
are required, as with sheet 
material. 

The drawing of these cups repre 
sented a problem mainly in the first 
steps, as the material in the side walls 
densifies to practic ally 100% density 
within the first or second deeie: in 
succeeding draws the material be- 
haves very much like wrought mate- 
rial. There is, however, an important 
difference between the sintered iron 
and the conventional cup. The ma- 
terial distribution in a sintered iron 
cup can be varied to any desirable 
degree by design of the preform. 
Such is not the case in the deep 
drawn cup due to the forming limits 
associated with the cupping of a 
thick blank. As a result, a consider- 
able amount of material flow towards 
the base is normally necessary since 
the head thickness of a finished cart 
ridge case is greater than that of the 
blank, and therefore, also of the cup. 
This material flow can be eliminated 
by the correct design of the preform, 


which. iS believed. will be helpful 


in the drawing operation. Of course, 
it must be understood that this 
change in the metal flow pattern in 
the base requires a redesign of the 
drawing tools. 


Powders Used 


The development of the present 
preform and of its production pro 
cedure started with a selection of 
the iron powder. It was assumed 
that a considerable reduction in area 
was essential. It was also recognized 
that modifications in composition or 
treatment might be necessary to de- 
velop the mechanical properties re 
quired for a satisfactory cartridge 
case. Drawing was easy if the du 
tility was satisfactory. 

M any electrolytic, hydrogen-re- 
duced and carbonyl iron powders 
and their combinations in various 
ratios were tried. From these pow- 
ders, standard tensile bars 0.002 in. 
pressed. Thes« 
pieces were produced with a 


tensile 
density 
of 90 to 95% by pressing, sintering, 
coining, 


thic k were 


tensile strength obtained was. in 


Typical Properties of lron Powder Compacts 


and finally annealing. The 






















Density 
lron Powder after Yield Tensile Elong Reduction 
Coining, Point, Strength, in 1 in., in Area, 
g/cc psi psi %, Y 
Reduced 7.2 2 43, 000 23 28 
Electrolytic a0 22,600 40,500 29 39 
Carbony! 7* 18,700 38,500 34 42 
90% Reduced + 
10% Electrolytic 7.4 26,700 45,500 25 28 
90% Reduced + 
10% Carbonyl 7.2 23,600 41,000 27 37 








Dimensional Changes in Drawing Caliber .50 Cartridge Case 











Wall Thickness (inches) Percent Reduction in Area 
Stage " = = ‘ imine 

Mouth Base Mouth Base 

Cup | 0.1745 0.1745 ~ | - 
First Draw 0.113 0.114 39.5 | 39.2 
Second Draw 0.0705 0.0805 40.7 33.6 
Third Draw | 0.045 0.0625 | 40.5 | 28.3 
Fourth Draw 0.026 0.0575 44.2 | 13.1 
Fifth Draw | 0.0155 0.052 42.4 13.2 








most cases, over 


40,000 Pst. 
elongation was usually betwee 


and the reduction of 
was between 25 and 45%. Mix 


and 30% 


which produced considerably | 
A large 1 
ber ol powders and powder comi 
tions proved to be suitable for 
production of preforms. Repre 


tative property values are show: 


values, were reyect¢ d 


the table. No clear cut superi 

of any one kind of powder or p 

der combination was apparent. 
Cups, produced by machining f: 


Altho 


these slugs were machined with di 


blanks, were deep drawn. 


erent inside radii and different tay 
to conform to the shape of the draw 
ing punch, and 
powders and combinations were used 
no major differences in drawing be 
havior were detected. These prelimi 
nary drawing tests were run to dete: 
mine the most suitable shape of the 
preform. Factors such as the height 
and thickness of the sidewall, tn 
inside and outside radii and _ th 
thickness of the base of the cup a 
exceedingly important and are stil 
investigated. 
slugs could easily be produced to a 
density of over 90%, and machining 
sresented no problems. 

The deep drawing of these pre 
forms, however, was not a simp! 
matter. Numerous lubrication tests 
were required to determine the most 


twenty-two iro! 


being These shape 


itisfactory type and pro edure. D 
ing the early work, 
out was used which had been dk 
signed for another material utilizing 
the blank-cup-and-draw process 
to draw a 


a five-draw lay 


However, it was possible 
small number of cups into the fin 
ished shape through the five drawing 
steps. This demonstrated that pow 
der metallurgy pieces could be pro: 
duced with enough ductility and 
strength to be used as preforms for 
deep drawing. 


Producing the Preforms 


Tools were then designed to pro 
duce these preforms by standard 
powder metallurgical methods with 
out any machining, and to adapt the 
present coined shape to the drawing 
requirements. Most of the work was 
done with hydrogen-reduced iron 
powder. The addition of a small 
percentage of carbonyl iron powde: 

was helpful, but was not absolutel) 
necessary. The apparent density 0! 
the powder was between 2 and 2.3 § 
per cc. 

Cups were molded on a mechani 
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Srd Draw 4th Draw Sth Draw 


Caliber .50 Sintered Iron Cese 


Cross sections of preform and shapes obtained in various stages in the drawing of cups 


for cartridge case production. 


press to a density of 78 to 80% 
Sterotex as the lubricant. Thes« 


es were sintered hydrogen or 


ked ammonia for an hour at 
0 to 2300 F. Slight shrinkage 
«curred during sintering. Parts 
were coined in a hydraulic press to 


a density of over 90%. A mechani- 
| press was used for molding and 
hydraulic press for coining, because 

first held 


the latter produced a uniform 


dimensions accurate 
sity. The final step was a high 
anneal at 2300 F,. a 

mperature which seemed 
beneficial effect 


pe rature 
have a 
on the ductility. An 


inneal at 2100 F yielded inferior 
al properties. The increased 
ility may be due to a change in 
pore shape, as a rounding or spher- 


lization of the pores seems to 


occur. No marked shrinkage occur- 


Deep Drawing the Preforms 


For deep drawing, the cups were 
opper plated by the Cuprodine pro- 
cess, the copper acting as a lubricant 
between the piece and the drawing 
punches and dies. Various lubricants 
bieed tried for these cups, but it is 
difficult to make a definite recom- 
: ndation because changes in a 
diaw layout and variations in density 
of the coined preform will influence 

selection of the lubricant. In 
me cases, a heavy soap solution, in 
dition to the copper plating, 
Ly appreciably to obtain sound 

V pieces. 


Steps in deep drawing and the 
reductions in cross- sectional area of 
the wall are shown in accompanying 
figures. The material for ironing 1s 
taken essentially from the walls of 
the cup while the base material re- 
mains little affected. Design of both 
preform and tooling are important 
to achieve this effect. No cupping 
operation is required, as is necessary 
with sheet material, and the fact that 
the iron cup is slightly porous helps 
to adjust it to the punch and die in 





the first draw setup. 


Caliber .50 cartridge cases produced from iron powder. 





The sidewall is 
100% dense in the remaining draw- 
Thickness of the base 
after the final 


ing stages. 
draw piece can bi 
selected at will. 

The density of the cup should be 
iniform for the wall as well as to 
This can be ob 
tained by the correct adjustment ot 
the coining die which makes it posst- 
ble to correct the density variations 
from molding. In_ the 
molded cup, the base 1s usually some 
what less dense than the wall. The 
drawing die is of conventional design, 
angle must be 


the base material. 


resulting 


however, the entrance 
changed to adjust for the difference 
in material flow and to eliminate or 
minimize doming. A fast acting me 
chanical press is used. 

Failures in drawing usually occur 
at the junction of base and sidewall 
as large or small circumferential 
cracks. Blending the two sections of 
the cup together by correct inside and 
outside radii and design of the draw- 
ing tools which permits the required 
flow of material, insure the produc: 
tion of satisfactory final draw pieces. 

Several final draw pieces have 
been processed through the remain- 
ing stages into finished cartridge 


cases; however, they were not pro- 
cessed into complete rounds and 
fired. 

| le va adapted from a paper 
present t the annual meeting of tl 
Metal OW Tt Association, Ap! ] ] 4 

















arbor and band added. 7—Metal shaft inserted to complete piece. 





































by KENNETH ROSE, Mid-Western Editor, Materials & Methods 


The only practical method of changing the form, 
and refining the dimensions or finish of these hard 
vitrified materials is with abrasives. Many different 
| abrasive techniques are now in use. 





Ceramic heater core being threaded using a formed wheel 


on a special machine at American Lava Corp. 











Various stages in forming a ceramic tuner capacitor shaft at American Lava Corp. 1—Unfired rod from which tuner shaft is cut. 2—Shaft 


How To Form and Finish Ceramics and Glass 


| cut to length. 3—Shaft ground over outside diameter. 4—Shaft ground in centerless grinder. 5—After firing (note shrinkage). 6—Metol 


@ FOR MOST MATERIALS used in in 
dustry, there is a range of fabricating 
methods available. However, the 
ramic materials, including porcelains 
steatites, and glass are somewhat 
limited as to formability. Glass cai 
be hot-formed, and the clay bodies 
can be cold molded before firing 
All are so hard as to be practicall; 
non-machinable with cutting tools 
and their perfect elasticity up to the 
ultimate strength of the materia 
makes cold pressing or drawing im 
possible. After the clay bodies have 
been fired, the only practical means 
of changing form or refining dimen- 
sions or finish is with abrasives, and 
the same is nearly the case for glass. 
Abrasive forming, then, is of more 
importance with the ceramics than 
with other materials, hard or soft 
In addition to surface grinding, in- 
ternal and external, it properly in- 
cludes sawing and some kinds of 
drilling. Sawing is done with bonded 
abrasive wheels, or with abrasive- 
charged metal disks. Frequently in 
drilling, an abrasive powder is used 
with the drill, and, in such cases, the 
abrasive is the real cutting agent. 
Some cutting can be done with car- 
bide cutting tools or with diamond 
tools. 
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1e possibilities of abrasive form- 
re on a new interest as demands 
ise for ceramic parts produced 
se tolerances. It shortly 


' e World War II that the 


industries began to 


Was 
radio 
ronics 
1 porcelain parts m de to 1p 
porcelain part mad » high 


sion. The television industry, 


the postwar years, also 


namMmy 


ured ceramic insulators made t to 
cision not possible in ordinary 
fred ware, and grinding of the hard 


material became a necessity. 


Forming Unfired Parts 


[here are two steps in the forming 
of these vitrified materials. The basic 
shape is first produced by pressing, 
extruding, machining, or casting. 
Before firing, the formed piece is 
regarded as free machining, and it 
may be cut without difficulty by ordi- 
cutting tools. Even the 
nfired material is abrasive, 
owever, and carbide tools are re- 
ommended for high production. The 
infired body may be drilled, tapped, 
or turned by carbide 


nary metal 
quite 


tools. 


Abrasive forming is useful in the 
processing of the unfired ceramic 
Silicon carbide abrasive 
resin bonded, of about 70 
grit, are excellent for sawing and cut- 
off. Alundum wheels also give excel- 
Used in a medium hard- 


, 7 | 
bodies also. 


W heels, 


lent results. 


ness grade, the wheel does not load 
nor glaze when cutting through the 

fired ceramic. A cut-off wheel of 
this type, 8 x 1/16 x 7% in., has cut 


as many as 
per hour. 


7000 tubes of 14-in. o.d. 


External threads are cut on ceramic 
s before firing when possible. 
Che threads are ground to full depth 
in one In form grinding, mill- 
ng, and slotting unfired parts, it is 
usually economical to press the piece 
. partial or rough shape, and to 
finish in a second operation. This 
keeps wheel wear low. In a typical 
operation, a groove in an oven support 
5 first pressed, then ground with an 
8 x ¥g x 7%-in. wheel. Two wheels 
in a special machine turn out 8000 
to 10,000 pieces per hour, and require 
only one or two dressings per 24-hour 
day, to sharpen and unload them. 


pass. 


There 1s no corresponding unfired 
state in the production of glass. 
After the ingredients are fused and 
become “plain”, the glass is formed 
in molds or by free blowing, and is 

n usually in the finished state 

ept for sawing, drilling, or similar 

nor operations. 


Expert workmen at Pittsburgh Plate Glass Co. 


scratch wheel. 


Forming Fired Bodies 


Hot operations on glass and clay 
bodies are incapable of producing 
parts to precise dimensions or having 
accurate surfaces. A tolerance of 
about plus or minus 1% is required 
on fired bodies. The vitrified material 
must be formed cold; surface refine- 
ment must be performed after firing; 
accurately located holes must be drill- 





plant spot polish large plate of g'ass on 


ed in the fired piece, or whatever 
precise positioning or sizing is re- 
quired by the design must be done 
on the hard, abrasive material. It is 
here that abrasive forming is of 
major importance. 

While the hardness of unfired cera- 
mic bodies is of the order of 1 or 2 
on Mohs scale, the fired bodies have 
a hardness varying from 6 to 9. 
Specifications frequently require that 




















this hard material be finished to a 
tolerance of 0.0001 in. It is because 
of such requirements that, whereas 
few fired ceramics were ground twenty 
years ago, the grinding department 
iS frequently one of the largest in the 
mode: rn ceramics plant 

Parts up to about 4 Sq. In. in area 
an be ground flat on two sides to 
a tolerance of 0.0001 in. in flatness, to 
0.0005 in. in parallelism, and to 


A battery of grinding and polishing disks. 


Glass is ground to uniform thickness, then 
polished. (Pittsburgh Plate Glass Co.) 
















































Abrasive belt is used to finish edge of 
curved cut-out on half circle of plate glass. 
(Pittsburgh Plate Glass Co.) 


.0OO1 in. in thickness. Small pieces 
can be finish ground at the rate of 
2000 pieces per hr on vertical or hori- 
zontal spindle, double disk machines. 
Wheels to 23 in. in diameter are 
popular 

Ceramic parts can be lapped flat to 
an accuracy measured in light bands 
by 500-grit lapp-flour on conventional 
machines. For special shapes on 
single spindle horizontal and vertical 
surface grinders, diamond wheels are 
— required. A 100-grit diamond 

itrified wheel gives maximum stock 
cumin with minimum wear. Such 
wheels are more expensive, due to 
the higher wheel costs and to the 
special handling and cleaning of 
finished parts, but are necessary for 
the surface quality and accuracy re 
quired for some purposes. A wheel 
20-in. in diameter and having 6-in. 
face bonded with industrial diamonds 
has been installed at American Lava 
Corp. for high speed grinding of 
hard ceramics. The wheel lists at 
$25,000. Long production runs to 


a tolerance of 0.0001 in. are possible. 


There has been a distinct rise in 
the demand for alumina ceramics, 
which have a hardness of 9 on Mohs 
scale. Much of this production is also 
required to be finished to close toler- 
ances. For this, diamond wheels must 
be used, and preferably the metal 
bonded types. In general, the size of 
the diamond particles determines the 
finish in miucro-inches. While no 
specific size-finish rating is possible, 
a grit of 100-S will produce a finish 
of the order of 60 to 70 micro-inches 
The lubricant used, the nature of the 
material being ground, and the kind 
of machine tool used will enter into 
the results obtained. 

Centerless grinding is much used 
for finishing rods and tubes. These 
are ground to a tolerance of plus or 
minus 0.0001 in., using silicon car- 
bide wheels of from 80 to 600 grit. 
Tubes and rods of alumina must be 
ground with a diamond wheel. 

Ceramics not being magnetic, can- 
not be held in a magnetic chuck 
are the ferrous metals when being 
surfaces ground. The ceramics are 
held in wax on the chuck plate. Ex- 
ternal grinding of ceramics is per- 
formed with both silicon carbide and 
diamond wheels. Internal grinding 
is accomplished with diamond wheels, 
and internal cutting with mounted 
diamond points. Internal surfaces 
are also honed with diamond honing 
stones. When fired ceramics are to 
be cut to high precision, diamond 
saws are used. 


[t is very uneconomical to 
fine grit wheel to remove stock in ¢| 
early stages of grinding. Productio, 
of a fine finish is best done in s¢ 
steps, using a progressively finer 


of abrasive for each step 


Glass. with a hardnesss of al 
tO ’ On Mohs S Li if) Ly 
Alundum or silicon carbide wl 


and for short runs, by metallic ca 
tools in some cases. Carbide 

are used regularly to drill glass 
hold up well for runs of a few hun 
dred pieces, Longer runs are mor 
economically done wit th synthetic at 
rasives, or with diamond tools. 

A new technique that ts sometimes 
used for drilling glass is ultrasoni 
grinding. In this process, a mandi 
is coated with a small amount of 
powdered abrasive, and vibrated ver 
rapidly in a quill by an ultrasonic 
unit. The process is intended for 
production of small holes and ab. 
rading of small areas only; the man- 
drels used are usually less than 1 in 
in diameter. 

The largest use of grinding in the 
processing of ceramics is in the grind 
ing of plate glass. The rough glass 
from which plate glass is nade, com- 
monly has an embossed pattern over 
its surface to permit the abrasive to 
get a quicker start. Huge wheels, 
often 8 ft or more in diameter, are 
studded with grinding blocks of steel, 
and a fine garnet abrasive suspended 
in water is fed to the surface of 
tual cutting. Afte 
a final grinding with a fine abras 


plate to do the ac 


such as sand and emery, the glass goes 
to the polishing line where huge 
horizontal wheels much like the 
grinding wheels, but covered with 
felt and using “rouge” or fine fert 
oxide, as the polishing powder, { finish 
the surface of the plate. 

An important development in the 
grinding and polishing of plate glass 
is the use of twin-grinding, in which 
the plate moves between two hort- 
zontal abrasive wheels and is simul- 
taneously grour.d on both sides. This 
iS reputed to improve both the speed 
of grinding and the precision of the 
work. 

Abrasive belts are used for finish- 
ing contours in glass. Silicon carbide 
grains of about 60-grit size on 4 
waterproof cloth belt moving at about 
4000 surface ft per min are typical 
of this practice. Water is used as the 
coolant. Other abrasives can be used 
also. Bevels on counter tops, mirrors, 
table tops, etc., may be ground on 4 


smaller wheel, then polished in the 


same manner as the larger surfaces 
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Here is materials engineering in action... 


New materials in their intended uses... 





Older, basic materials in new applications... 


“at Work 
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Rubber on Rubber a moving rubber side- 

walk, installed flush with the ground floor 

level of the B. F. Goodrich Co. plant at 

nicl Miami, Okla., feeds ‘‘green”’ tires to the line 

hori; a! vulcanizing presses and carries away the 

‘mul. | ©00ked” tires to final inspection. Tiny Rubber Parts ‘The injection 

This wa There are now four 48-in-wide conveyor molding process is used to form 

aad belts located in front of parallel lines of these sub-miniature O-rings, and see es 

f the me Presses. The four belts empty the finished other tiny rubber parts. They are ease Be 
® ‘rcs onto a fifth belt which carries them to available in sizes as small as 0.010 “ hae 

nish- in inspection point where the final trimming in. cross section and 0.020 in. i.d. 

chide aE [5 Cone. Over-all length of the belt installa- Molded by Minnesota Rubber and 

on a ee Ons 1148 ft. Gasket Co., the parts find uses in 

about i the manufacture of watch cases, 

pical Be water injection carburetor nozzles, 

sthe fa micro switches and miniature air 

used fe valves and controls. 
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Materials at Work 


Steel Carpet Roller A workman 


putting the finishing touches to the 
face of a 28-ton jacketed steel dric, 
roll, built by Lukenweld, Di 
Lukens Steel Co 

The roll is 8 ft in diameter. 
long, and will be used by the C. y 
Masland Co. to press and dry b 
loom carpet in the final step of 
rug-making process. The jack 
made of ASTM A 385 Grade ( 
bon steel; the outer skin is 13% 
thick while the inner is 7% in 


Plastics on the Plains shown here 


in part, is an installation of rigid 
vinyl pipe, over three miles long, in- 
stalled last December on the Kansas 
plains. The pipe, manufactured by 
the Southwestern Plastic Pipe Co 
carries salt water separated from crude 
oil to deep disposal wells. 

Under Kansas law all salt water 
obtained from oil production must be 
returned deep enough into the ground 
to prevent contamination of any sur- 
face water. With the aid of heat and 
various chemicals, an emulsion treater 
separates the gas, oil and salt water 
The salt water is then channeled into 
the pipe made of B. F. Goodrich 
Chemical Co.’s high impact Geon 
resin. It is light weight for ease in 
handling, flexible, reducing — the 
amount of ditch-grading required, 
and will not corrode under contact 
with the salt water. 
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MATERIALS & METHODS 
Manual No. 106 


This is another in a series of 


Sen. ce li AN Sa i cn (ise iyi y 


comprehensive articles on engineering 
materials and their processing. Each 
is complete in itself. These special 


sections provide the reader with use- 


data on characteristics of mate- 
als or fabricated parts and on their 


ocessing and applications. 
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A comprehensive compilation of terms 
representing the most important 


Mechanical Properties and Tests 


of the common engineering materials. 

This glossary has been designed to give to engineers and designers 
a brief, easily visualized picture of the true meaning of 

each property, namely the test by which it is determined 


Compiled by JOHN B. CAMPBELL, Associate Editor, Materials & Methods 




























































































An Introduction 


[If you have ever tried to describe someone in a 
few ‘‘well-chosen’’ words you know how difficult it 
iS tO CONVvey a me iningful image of a person wit 
abstract words such as “‘he’s honest’ or “he’s dishonest.’ 
The best way to make person seem real is to describe 
not what he zs but what he does—i.e., how he reacts 
to changes his environment. 

What does this have to do with engineering materials 
and mechanical properties? The analogy is fairly pre- 
cise. We may sometimes call a material “nonferrous” 
or “organic” and let it go at that. But when dollars 
are at stake we describe a material by how it performs. 
We devise a “‘test’’ in the hope that we can determine 
ahead of time whether or not the material is suitable 
for what we have in mind. A test is simply the process 
of changing the environment of the material and 
describing its reaction to the change. If our tests are 
appropriate ones we may assume, for practical purposes, 
that the results of those tests are a significant descrip- 
tion of the material. 

The most appropriate test is one in which the envi- 
ronment and environmental changes to which the 
material is subjected are exactly the same as those the 
material will be expected to withstand in service. If the 
conditions are exactly the same, the material is in the 
form of a finished product and the test is known as a 
“service test’. Usually more feasible is the ‘simulated 
service test’’ where the material is in the form of a 
component or assembly which is subjected to artificially 
controlled conditions believed to be similar to actual 
service conditions. If a material could be described only 
in terms of the results of service or simulated service 
tests, sizing up a material would be a cumbersome pro- 
cedure indeed. In fact, each new job would require a 
new test. To avoid this difficulty we have developed 
a limited number of “laboratory” tests in which the 
form of the material is fixed and all significant environ- 
mental conditions and changes are carefully measured. 
From the results of such tests we may deduce, with 
varying accuracy, the behavior of the materials under 
actual service conditions. 

Actually, a laboratory test is an equation or, often, 
a series of equations. The independent variable is the 
environmental change, the dependent variable is the 
resulting behavior of the material, and the constants are 
the unchanging environmental conditions. In some tests, 
including most tests used for control or acceptance 
purposes, a single value is assigned to the independent 

variable and the dependent variable determined. In 
other tests, such as the tension test, the value of the 
dependent variable is determined for each of several 
values of the independent variable, thus showing the 
effect of change. In still other tests, such as the creep 
test, two or more independent variables may be changed, 
one at a time, in order to show the effects of changes 
in each upon the value of the dependent variable. How- 
ever complex the test, if the independent variable and 
the constants are specified, the dependent variable be- 
comes a “property” of the material. 

A series of equations is an unwieldy tool. After some 
experience we find that certain fixed values for the 
constants and even, sometimes, for the independent 
variable, seem to be more significant than others. We 



























How To Use This Glossary 


[his glossary lists properties, tests and a 
auxiliary terms essential to an understanding of o 
entries. All capitalized terms are listed separatel; 
the glossary. The glossary is cross-referenced throu 
out. Thus, an entry for a property indicates the di | 
fesons tests by which it may be determined, and 
entry for a test indicates the different proper 
which may be determined from it. 


Most of the properties and tests are discussed i 


| : 
standard handbooks, and references to corresponding| d A 
ASTM publications have been included in this glos-| P 
sary. Such a reference does not mean that the metho i 


described here is an ASTM Standard method, 
only that related information, whether ‘standard 


“tentative” or “advisory”, may be found in that 


reference. 
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“standardize” the test by restricting the values that 

be assigned. Then, depending on the latitude allow 
the ‘‘standard procedure’, the dependent variable 
test result, alone, may be considered a significant pro 
erty of the material. This is the true and the only si 
nificance of a ‘property’ of a material. 

Many different measurable quantities may be tes 
variables. Some of the most common are time, temper 
ture, load, deformation, voltage, weight loss and i tT: 
concentration. A ‘‘mechanical test’’ is one in which the 
material is loaded in some manner and load and 
deformation are among the variables. Usually, the on 
other variables, if any, are time and/or temperat 
Since virtually all fabrication processes and most se 


applications involve some degree of loading, the ‘n t 
chanical properties’ of a material are often its mos j 


important properties and are usually basic for a practi 
understanding of the material. 

Unfortunately, a mechanical property that is mot 
less standardized tends to lose some of its prop 
humility. It becomes increasingly associated with son 
of the most common deductions made from it and th 
develops a new personality which obscures its origin 
A mechanical property, or any other property, is on) 
meaningful because it stands for a specific mechanica 
test. The only crue definition of a mechanical propert 
is a description of the test by which it is obtained. The 
present article is called a “‘glossary’’ because, althoug! 
the entries for si es Pa are somewhat extensive, the: 
correspond to definitions in the sense discussed here. 

This glossary has not been assembled for laborator| 
personnel, nor does it attempt to describe in any deta! 
the various deductions concerning fabrication and servict 
commonly associated with a mechanical property. Spact 
limitations have also made it impossible to include 
information on all significant testing constants anc 
variables (such as conditioning procedure and testing 
direction) or on the proper statistical interpretation 0! 
test results. The sole purpose has been to eer 
convenient reference form, a brief, easily visualized p 
ture of the true meaning of each of the most impor an 
mechanical properties. 
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I 2 net n ) 
is trom 150 F 
Angle of Bend 
Bend Angle and Bend Ang! Maximum. 
Angle of Twist, Permanent 
see Torsional Deformation, Permanent 
ASTM Hardness 
A sure of Indentation Hardness of rubber. The depth of 
ration of a 0.0938-in. dia hemispherical indentor acting 
r a 3-lb load and through an annular presser foot 
itself is unde 5-lb load. Presser foot load is 
first. The indentor is then brought into contact with 
bber surface, the load applied without shock, and 
enetration in mils beyond the presser foot ob 
fter 30 sec of loading. A lower ASTM Hardness 
higher Indentation Hardness. The test is most 
STM Hardness (D314-52T) differs from Pusey and Jones 
n in that the latter involves free plastic flow about 
tation whereas this method involves precompression 
ber adjacent to the indentation 
Bearing Stiffness 
\ ire of stiffness of a material subjected to a bearing 
I plastics it is the slope (psi) of the straight-line 
Stress-Strain curve obtained in the Bearing 
By finition: Bearing Strength multiplied 
Bearing Strength 
sure of the maximum usable bearing stress that can 
loy in material. For plastics it is the stress at 
on the Stress-Strain curve obtained in the Bearing 
. th Test where slope of the curve is equal to that 
4 
7 
Wn 
® 
= 
YY) 
tess divided by a strain of 4%. This point can be deter- 
ined by trial-and-error or, more readily, by means of a 
perimposed transparent template. ; 


ow 





\q Rockwell Hardness 
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In n Hardness of Plasti An ind 
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iring Strength Test 

\ method of determining the behavior of materials sub- 
‘ ted to edgewise loads such as those applied by mechani- 
al fasteners. For plastics (D953-48T), a flat rectangular 
pecimen with a bearing hole centrally located near one end 





s loaded gradually either in tension (Procedure A) or 
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ession (Procedure B). Load and longitudinal defor- 


ition of the ho ure measured frequently or continuously 
ting lata | lotted iS a oti Stral 
Di I this purpose, Strain is calculated by dividing 
p in di 1 of loading iginal 
’ St i | 
ng ; , | the A 
ginal hole di ter and specimen thickn Prot 
etermined from test and diagram include Bearing Strength 
Bearing Stiffness and Maximum Bearing Str Test result 
ire influenced by ‘‘edge-distance ratio which is the ratio 
between distance from center of the hole to nearest edg 
the specimen in the longitudinal directior nd hole 
liametef. 
Bearing Stress, Maximum 
The maximum nominal stress develop 
the Bearing Strength Test. It is calculated | lividing f 


ture load by original | 
LUT ¢ Oaa DY OFTiLinal D 


Bend Angle 


A measure of Bendability. The angle through which a ma- 
terial is bent 


unde: conditions in a 
standard Bend 


specified loading 


lest. 


Bend Angle, Maximum 
A measure of Bendability. The largest angle through which 


l ] ] ° ] 
material can be bent under specified conditions in a Bend 
at failure or angl 


at which first indications of failure are observed 


lest without failure. It may be either angle 


Bend Elongation 
A measure of 


surtace in the 


, ] | ; ‘ 1 
Bendability. The Elongation of the outer: 
region of a 


clusion of a Bend Test as determined either by gage length 
measurement or by computation based on radius of bend. 


naterial at the con- 


bending 


Bend Energy 
A measure of Bendability. The energy absorbed by a ma- 
terial in bending through a specified angle or to failure. 


It may be determined only when loading conditions are 


measured, as in the standard Bend Test for electrical re- 
sistance wire. In this test, Bend Energy is calculated as 
folli 
I M R sin @ 
whe [ Energy Absorption in bending, in.-lb 
M weight, Ib 
R distance from axis of rotation to center of 


gravity of loading system, in 
( Bend Angle 


Bend Radius, Minimum 


A measure of Bendability. The smallest radius around 


which a material can be bent a specified angle in a Bend 


Test without failure. 


Bend Test 


A method of determining Bendability and related proper- 
ties. Many different tests are used and few are widely stand- 
ardized. Most can be 
stricted” as follows: 


classified as either ‘‘free’’ or “‘re- 


In free bending, the bar or rod specimen is freely sup- 
ported at two points and a bending load is applied at the 
center of the span or, alternatively, at two points which 
divide the span into three equal segments. The specimen 
is bent 5-30 deg. It is then squeezed between parallel jaws 
until doubled over or until rupture occurs. Bendability is 
expressed as Maximum Bend Angle or as Bend Elongation 
(E16-39). 


In restricted bending, the specimen is bent around a pin, 
mandrel or die. Bendability is expressed as Maximum Bend 
Angle for a specified radius, as Bend Elongation, or as 
Minimum Bend Radius for a specified angle. The last is the 
criterion of Bendability in a standard test for compressed 
asbestos sheet packing (D733-53T) in which a 1-in. wide 
Strip 1S bent 180 deg. 
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Another standard test is used to determine the temper of 


round or rectangular electrical resistance wire (B113-41). 


The wire is clamped rigidly at one end and beam-sup 


ed bending die is brought into contact with the f1 


end at a specified small distance from the axis of rotation 


the clamp. A measured moment large enough to produc 
roximately a 30-deg bend is added to the balanced beam 
Bend 
Energy may also be calculated. Bend Angle observation is 
sometimes made 30 sec after load application where the 


the resulting Bend Angle of the wire observed. 





wire continues to sag significantly after elastic oscillations 
used al- 


all differ- 


cease. Angles other than 30 deg are sometimes 
though this angle is usually most sensitive to s1 


ences in temper. 


See also Kink Test and Re peated Bend Test. 


Bendability 
A measure of Ductility of metals obtained from a Bend 


Test and usually expressed in one of five ways: Bend Angle; 



























































Maximum Bend Angle; Minimum Bend Radius; Bend Elon- 
: gation; or Bend Energy. Since Bend Test procedures are 
not widely standardized, a test result should be accompanied 
by complete details on specimen and procedure. 


Bending Deflection, Maximum 
A measure of the extent to which a material can be bent 
without rupture. The maximum deflection of the specimen 


at the center of the span in the Flexure Test. 


Bending Strength 


An alternate term for Flexural Strength employed particu- 


larly with cast iron. Not to be confused with Bendability. 


Breaking Strength 
A measure of ability of a material to withstand stretch 
loading without rupture. A Tensile Strength for thin sheet 
and film materials. Ordinarily it is the maximum load (|b, 
kg or lb/in. width) observed in the Breaking Test. For 
plastic sheet and film it is determined by a Tension Test. 





Breaking Test 

A method of measuring ability of a material to withstand 
A modified Tension Test 
i for thin sheet and film materials. A rectangular specimen 
is gripped at both ends and stretched at a constant rate of 
extension until it ruptures. Maximum load is observed and 
Breaking Strength calculated. The test is used particularly 
vegetable (D295-52T) fabric 
(D902-53T) cloth and tapes; untreated electrical insulating 
(D202-53T); pressure-sensitive adhesive tapes 
(D1000-53T); asbestos cloth (D577-52) and tape (D315- 
52); felt (D461-51); woven fabrics (D39-49); and rub- 
ber-coated fabrics (D721-52T). Asbestos tape is often 
tested after a 5-min heating period at 570 F. Tensile 
Strength is sometimes calculated for felt. Woven fabrics 
i may be tested wet or dry and specimens may be “grab”, 
“raveled-strip” or “cut strip’. The grab-specimen is 4x6 in. 
The raveled-strip specimen is 1144 or 144 in. wide with 
each side raveled so that net width is 1 in. The cut strip 
specimen is similar to the raveled-strip specimen except 
| that it is cut to the 1-in. net width. The specimen for 
rubber-coated fabrics may be 4 in. (‘grab’) or 1 in. 
(‘strip’) wide. Elongation is usually determined for woven 
and rubber-covered fabrics. 


stretch loading without rupture. 


for varnished and glass 


paper 








Brinell Hardness 
A common measure of Indentation Hardness of a metal. 
An index of resistance to surface penetration by a hard ball 
under load in a Brinell Hardness tester (E10-50T). It is 
calculated by dividing applied load by calculated surface 
area enclosed by the rim of the impression remaining after 
load is released: 





2P 
BHN = ar D(D— V D’—d) 























where BHN = Brinell Hardness No., kg/mm 

P = load, keg 

D = ball dia, mm 

d measured impression dia, mm 
[he greater the Brinell Hardness, the greater the | 
on Hardness of the metal. Tables giving Brinell H 

iny measured Impression diameter: afe avalii 

standard loads and types indentors. Brinell Hard 


} 


generally influenced by magnitude of indenting loa 
diameter and ball material, and these factors sh 
Ordinarily, loads are 3000, 1500 or 500 kg, a Bu 


ball diameter is 10 mm. A carbide ball can be us 


specified. 


Hardness up to 630, the Hultgren ball is 
to 500 and a hardened steel ball to 450. The 3000-kg 


is usually limited to the 160-600 hardness range, 15 


Brinell 


to the 80-300 range, and 500 kg to the 26-100 range. Li 
of 250, 125 or 100 kg are 
metals. Where a ball indentor smaller than 10 mm is use 
Load is applied for at least 

sec on ferrous metals, at least 30 sec on many nonferroy 


sometimes used for the soft 
load iS altered accordingly. 


metals, and at least 2 min on magnesium. A definite, nx ; 
a minimum, duration of load application should be specific : 
for the softer metals. In comparison with the Rockwell ar 

Vickers tests, the Brinell test is particularly useful whe: 

deep penetration is desired to avoid surface effects or wher lic 
a large impression is desired to avoid errors due t q 
homogeneity of the material. It is not adapted to materi 

as thin or as hard 


as Can be tested by other methods 


results cannot be read directly as on the Rockwell t 


Brittleness Temperature 


An indication of the extent to which service temper: 


can be lowered without causing plastics or elastomer: 
exhibit brittle behavior (due to crystallization, etc.) ut 
load. The temperature at which 50% of the specimens f. 
when a specified number are subjected to equivalent in # 
pacts at equal increments of temperature over a range t! 
includes both the temperature at which all specimens { 
and the temperature at which no specimens fail (D74 
52T). Each rectangular strip is supported as a cantile\ 


beam and struck 


At least 10 specimens are tested at each temperature ar 


once perpendicularly near its free 


percentage of specimens that fail at each temperatut 
determined. Ordinarily the test begins at the temperatur 


at which 50% failure is expected and temperaturi 
constant both directions 
percentages of 0 and 100 are obtained. Either short-time 


long-time temperature 


changed in increments in 


effects may be evaluated, deper 


on conditioning procedure. Brittleness Temperature i 


culated as follows 
S 1 
Ton = Tn +t AT —— 
100 2 
where Ts = Brittleness Temperature, C 
Tn = highest temperature at which all specimens 
fail, C 
AT = temperature increment, deg C 
S = sum of percentage breaks at each temper 


ature, % 
Brittleness Temperature does not necessarily indicate 
lowest temperature at which a material can be used. 


Bulk Modulus of Elasticity 
The ratio of stress to change in volume of a material suD 
jected to axial loading. It is calculated as follows: 
‘ Er 
ales 3(1 — 2r) 
where K = Bulk Modulus of Elasticity, psi 
E = Modulus of Elasticity, psi 
r = Poisson's Ratio. 


Bursting Strength 
A measure of ability of a material to withstand hydrostati 
pressure without rupture. It is obtained from a Pre sut 
Test for rigid materials or a Bursting Test for fle 
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ls. For metals it is generally the maximum Hoop 
stained by a material prior to rupture. For glass 
lastics it iy be the maximum Radial Stress sus 

Vv a iterial ior to rupture, in whic! se Burs 
Streng is valid only f¢ aterial ume dimen 
| ib] t fil Bursting 

i ly’ m p ssi 

ved in the Bursting LIest by cross section 1 of tl 

fc ( 1 diaphragm portion of the specimen. 


Bursting Test 


ethod of determining ability of nonmetallic sheet and 
. +0) withstand pressurt without rupture A Pressure 
L t for determining Bursting Strength of flexible materials 
15; ly the specimen is clamped as a diaphragm and ex- 
i d by a tool or another diaphragm under gradually 
"i ing mechanical o1 fluid pressure, respectively, until 
i ali For electrical insulating paper (D202-53T), vul- 
hes +i ] fibe r, felt and rubber-coated fabrics (D751 ya a 
nafe dia diaphragm is used and maximum pressure prior 
arva * pture observed. For the heavier materials a “tare” 
specific sure for the diaphragm may be measured and subtracted 


For rubber coated fabrics, pressure 


also be applied by means of a 1-in.-dia steel ball. 


g£ross pressure. 


E 

; 3 
well ar 4 
il wher ; 


Bcharpy Impact Test 


yr where 







e t Impact Test for determination of Energy Absorption in 
nateri of materials. A rectangular or cylindrical specimen 
ds ported as a simple beam and struck transversely. The 
1 test imen (E23-47T) is slightly over 214 in. long, 
ss section about 0.4 in. square, and is usually 
Type A! iS-deg V-notch, Type B has a k 
de 1 and Type C has a deep rounded slot. Notches 
ymers 
) 1 
lens f 
lent . 
nge t 
ens f y 
(D7. / Charpy 
antil \ 
. a | en 
atl ; AS 
[pel t 
: t 
atur f } 
ns ' 
tit 
CI ' 
ductile 
n than for steel. The die casting specimen 
long and has slightly trapezoidal cross section 
ring about 14 in. It is unnotched and is struck on its 
st face. The cast iron specimen is an 8-in. cylinder 
g in. dia (A327-50T). The specimen for plastics, 
yecimen! inized fiber, glass-bonded mica and other electrical insu- 
{ ting materials (D256-47T) is 5 in. long, > in. wide and 
in. Or less thick, with a 22'/-deg V-notch across the 
tempet wer side. The ceramic specimen is an unnotched 
nder 6 in. long and Y, to 14 in. dia. All Charpy speci- 
wana ns are struck at their center of gravity, on the face 
, site any notch, and at the center of any notch. Both 





tals and plastics (D758-48) are tested at subnormal and 
ated temperatures. 


Cold Flow 
measure of the extent to which hard rubber deforms 
ler prolonged loading. The reduction in thickness under 
1 in a specified time at a specified temperature (D530- 
[). A solid or plied-up 1-in. cube is subjected to a 
tpendicular compressive load of 1000 lb at room tem- 
rature and resulting thickness measured immediately. The 
ecimen is then heated to 120 F, kept under load for 24 
and thickness is measured again. Cold Flow (%) is 
culated by dividing difference in thickness by original 
ickness under load and multiplying by 100. 
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Compressibility 
[he ability of a material to be compressed. The extent to 
“ 7ask Y 1b : ified load 
bt tit ( essibilit 1d Recovery Test. C 
1D ( ) S la by dividing diff } ) 
kn ' kn 
) K rf I ] } 
ying by 100. It is usually reported in conjunction with 
Recovery and does not indicate behavior of a material 


las meri } 
under prolonged load. 


Compressibility and Recovery Test 


A method of measuring behavior of gasket materials when 
subjected to and released from short-time con pressive load 


ing at room temperature. A compressive preload is applied 


to a flat specimen for 15 sec at which time specimen thick 
load is then 


mess under preload is measured. The major 


applied slowly and full load maintained 60 sec, at which 


time thickness under major load is measured. The major 


noved, and 60 sec later recovered thickness 


load is then re 


under preload is measured. From these measurements 


Compressibility and Recovery are calculated. Specimen size, 
penetrator size and loads depend on the nature of the 
material tested (D1147-53T). The specimen has a square 
or circular cross section of at least 1 to 4 sq in. and single 
or plied-up thickness of 1/16 to ¥@ in. The penetrator 1s 


steel cylinder of 14 to 114 in. dia. Major loads range 
from 50 lb for most materials to 100 lb for cork and 250 
lb for cor pressed asbestos. This test differs from the 
Plastometer Test in that the latter measures behavior of a 


| 


material subjected to prolonged loading at an elevated 


temperature. 


Compression Fatigue 


A measure of ability of rubber to withstand 


dynamic 


vulcanized 


deterioration when subjected to compression 


strains. A specimen is subjected to rapidly oscillating com- 
pressive stresses, and such quantities as extent and rate of 


temperature rise of the specimen, impressed loads, dimen- 
sional changes and time needed for failure are observed 


Results are reported in different ways depending on which 
f three different tests (D623-32T) is used. Method A 

1 under Goodri F; meter, Method B_ under! 
and Method C under St. Joe Fi 


Compression Set 


A measure of the ex rubber 1s 


load. 


Temperature Compression Set 


which vulcanized 
permanently deformed by prolonged compressive 
Not to be confused with Low 
where permanent deformation is not 
(D395-53T) are 


comparable. Method A determines Compression Set as the 


involved. Two test 
methods used and their results are not 
percentage permanent decrease in thickness caused by a 
prolonged constant compressive load. Method B determines 
Compression Set as the percentage of a prolonged constant 
compressive deformat'on that is permantly retained. Speci- 
men for both methods is a solid or plied-up cylindrical 
disk about 4 in. thick and 1] in. dia. 

In Method A, original thickness is measured, a 400-lb 
axial load applied, and the specimen clamped to maintain 
the resulting deflection. The assembly is heated at a tem- 
perature selected on the basis of expected service condi- 
tions, two standard treatments being 22 hr at 158 F and 
70 hr at 212 F, both in dry air. The specimen is then 
removed from oven and clamp and allowed to cool 30 min, 
at which time final thickness is measured. Method A Com- 
pression Set (%) is the Compressive Strain calculated by 
dividing change in thickness by original thickness and mul- 
tiplying by 100. 

In Method B, a spacer of such thickness as to provide a 
predetermined percentage deflection is placed between the 
compression plates. Amount of deflection is selected on the 
basis of Durometer Hardness; up to 44, deflection is 40%; 
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Compression Test 


A method of determining behavior of a material subjected 
to a uniaxial compressive load. A specimen is compressed 
ixially at controlled speed until it fails. Frequent or con 
tinuous measurements of load and def ion are id 


Compressive Stress and Strain calculated, and a Stress-Strain 
Diagram constructed. From the Stress-Strain Diagram can 
be determined Elastic Limit, Modulus of Elasticity, Propor- 
tional Limit, Yield Point, Yield Strength and, for some 
naterials, Compressive Stiength. The last two properties 


may also be determined without a Stress Strain Diagran 


porarily cease 
to increase with continued deformation 1s noted. For Com- 
pressive Strength, the load at fracture or at some other pre- 
determined degree of failure is noted. Specimens for metals 
(E9-52T) are usually solid cylindrical or rectangular sheet 


types. For electrical porcelain (D116-44) the standard 


specimen is a solid cylinder 114 in. dia and 11% in. high 


ind loads, not stresses, at both initial and ultimate failure 
usually reported along with a description of the be 
t I (Di 
l) ) 
1G 1 ne Dris l S } ] I id I ricai In- 
sulating materials (D48 724) IL he sheet specimen fol 
tics and trical insulating té ls (ID229-49) 
cons [ in. heig 
A y | 


nated (D348 
laminated (D349 5 f 
in height, depending on rod diameter. Both metals and 
plastics (ID759-48) are tested at subnormal and elevate 
temperatures. 


92) rod speci n rang 


Compression-Deflection Test 

A nondestructive method of determining the relationship 
between compressive load and deflection under load for 
vulcanized rubber. Two test methods (D575-46) are used. 
The first determines the stress needed to produce a specified 
deflection. The second determines the deflection producd 
by a specified load. Either a standard specimen or a part 
may be tested, although only the results from similar speci 
mens are comparable. The standard specimen is a cylindri- 
cal disk about 14 in. thick and 11% in. dia. 

In the first method, an axial compressive load is applied 
slowly until a specified percentage deflection is produced, 
and the load is then released at the same rate. This con- 
ditioning cycle is repeated once. Next a small load is ap- 
plied and the deflection gage zeroed. Full load is applied as 
before, the load needed to produce the specified deflection 
noted, and the corresponding Compressive Stress calculated. 
Where the stresses needed for several different deflections 
are desired, they may be obtained from a Stress-Strain 

Diagram constructed on the basis of frequent measurements 
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Compressive Deformation 
A measure of the extent to which a material deforn 
I \ loading pri t | re tal st 
tf a specimen immediately prior to rupture in the ( 
sion Test as indicated by direct me t or by a § 


Strain Diagram. 


Compressive Modulus of Elasticity 
Also called Modulus of Elasticity in Compression 
tangent or secant Modulus of Elasticity of a material i 
Compression Test The relationship between Com] ré 


Stress and corresponding Compressive Strain. 


Compressive Strain 
The strain corresponding to a specified distress in a ( 
pression, Compression-Deflection, Compression Set o1 


Compressive Strength 


A sure of ability of a material to withstanc 

sive loading without failure. The maximum Compre 

stress developed by a material in the Compression 7] 
Compressive Strength is a relatively independent 

only in materials that fail in compression with a shatter 
fracture For other materials, Compressive Strengtl 

only refer to the stress at which a specified degre I 

tortion, arbitrarily selected as indicative of failus 

observed 


Compressive Stress 
[he stress corresponding to a specified strain in a ¢ 


pression, Compression-Deflection, Compression Set 01 


It is calculated by dividing appli 
load by orginal area of tl } 
Compressive Yield Strength 
The Yield Strength of a mate: ( 
Crack Growth Resistance 
id flexin Two tests are used. I 


De Mattia Flexing Machine Test, (¢ k Growth R 
specified crack length, average rate (in./k 
growth over the entire test period, or rate of cracking ( 
kc) during a specified portion of the test. In the 
Flexing Machine Test, Crack Growth Resistance is usual 


ety we G2 


expressed as number of cycles needed for each 100% 

crease in crack length up to 500%. Crack Growth Resist 

ance does not necessarily indicate ability of a mater 4 
subjected to bend flexing to resist initial formation of 


crack (Cracking Resistance). 


Cracking Resistance 
A measure of ability of vulcanized rubber to withs 
repeated stretching or bend flexing without cracking. 
tests are used. In the DuPont Flexing Machine Test, ¢! 
rubber is subjected to three tensile flexes for each 
pressive flex. Cracking Resistance is expressed as nu 
of flexures at which all of 21 specimens tested tog: 
exhibit some sign of failure. In the De Mattia Fle «ing 
Machine Test, the rubber may be subjected to « 
stretching or bend flexing, as specified. When each of s¢ 





eral specimens tested together exhibits some sign of fai 
number of cycles is noted and each specimen is assigt 


number representing degree of cracking obtained by 












& METH‘! 





MATERIALS 






usi 
ON 
1 Resist 


mat 


on 


iths 


g. 

Test 

ch 
nu 


tog 


Fle 


. of 
fai 

sigt 

by 





ee ee 








ow 


1 I of |] imen nu ered 
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at i ( LO! ent 
f graph Th iplest grap! 1 plot of strain 
f ti Foi strain y be either total 
strain where tot Strain is of th 
pnitude as elastic strain, net strain due to plast 
tion only. This net strain is determined by obtain- 
the strain corresponding to the specified constant stress 


the Stress-Strain Diagram for the specified temperature 


ubtracting it from total measured strain 


For plastics 


nay be either total measured strain, in which cas¢ 
also indicates strain of the corresponding contr 
n, or net strain due to Creep only. This net strain 
] 
j 
4 a 
i 
j ¥ 
I 
- 


ed by subtracting corresponding control specimen 


1 | n total measured strain. A log-log plot is often 
for plastics. For vulcanized rubber, total meas- 
yrmation (mm) is plotted against log of time 

), and the magnitude of elastic deformation is indi- 
lrawing a tangent to the curve at 60 sec. From 
hs, Creep of metals or plastics is the total or net 

ined tin and C1 of vulcanize rubber 

at the sp hed tu Creet fr vulca 
y also refer to the Yerzley Mechanical 
le it 1S tl vertical distan (in.) ofr 
thickness (%) esented by tl dif ce 
t ginning and « of the dampe inus | 

a specifi tit Creep of | bbe 

is Cold Flow. A ¢ p design t may D 
by plotting stress vs log r ti ror each OF a series 
ting deformations. From such a chart. (¢ reep Strength 


dete 
and Creepocity may also be determined from Creep data. 


rious limiting deformations may be 


rmined. Creep 


Creep Rate 


< 


M 


otted. 


4 


rate (in./in/hr or % 
usually obtained 


hr) at which Creep occurs. It 
a plot of total or net strain vs 

Creep Rate at a specified time is equal to the slope 
the tangent to the that time. Average Creep 

over a period of time is equal to the difference be- 
en total or net strain at the beginning and at the end 
that period divided by the amount of time encompassed 
the period. Where Creep data are available for several 
‘ferent temperatures and constant stresses, a log-log graph 
Creep Rate at a specified time vs stress is sometimes 
Such a graph indicates the effects of both stress 
id temperature on Creep Rate. For any material that 
ceps more slowly during an intermediate period than at 

beginning or end of a test, Minimum Creep Rate can 
determined by plotting Creep Rate vs time. For metals 
inimum Creep Rate corresponds to the slope of the ap- 


from 


curve at 


toximately linear curve representing second-stage Creep. 


m Creep Rate may be predicted the increase in strain 
it will occur over a specified period of time. Alone, it 
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10 In nation on either tota net accumu- 
( it any ti! Howeve if the amount of strain 
9 t R tangent 

ad a a 

Y 
t 
and the 0-time axis is known, total Creep at any time may 
} ] ] rar + +} ' ; + 
be calculated by adding this strain to the produ ( 


Rate and total specified time 
Creep Rate, Minimum 

wee « reep Rate. 
Creep Recovery 

A measure of the 
constant 


strain that occurs at 


load is 


rate of decrease in 


a specified temperature when removed 


from a material after prolonged application in a Creep 
Test. Load is removed from the specimen at a specified 
time or total strain, and total strain remaining after in 
stantaneous recovery is measured immediately. Subse 
quently, frequent measurements of total strain and elapsed 


time are made. At any specified time following load 


removal, Creep Recovery is equal to the difference between 
total strain immediately following load removal and total 
strain at the Spc ified time Creep Recovery may be pre 
sented as a plot of Creep Recovery vs elapsed time follow- 


ing load removal. 


Creep Strength 
A measure of ability of a material to withstand prolonged 
static loading. The 
Stress that can be sustained by a 
time at a specified temperature without rupturing, 


maximum ‘Tensile or Compressive 


material for a specified 


without 
} 


deforming beyond a specified limit, or without exceeding a 
specified limiting Creep Rate. Ultimate Creep Strength 1s 
the stress-ruptut rve obtained in the 


Strength for a specified limiting 


design chart ob 


stress Rupture Test. Creep 


. j 
qaerormation 1S determined trom a Creep 


tained in the Creep Test. Creep Strength for a specified 
limiting Creep Rate is determined fro plot of Creep 
Kat t tl if til vs stre 


Creep Test 
A term for several diffi 


é determining Creep 
and Stress Relaxation behavior of a 1 


rent methods of 
iterial subjected to 
compressive loading at 
Creep, the 


load 


prolonged static tensile or room of 


elevated temperatures In determination of 


material is subjected to prolonged constant stress or 
and constant temperature, and frequent measurements of 
time and elongation are made. In determination of Stress 
Relaxation, the material is subjected to prolonged constant 
and frequent measure 
For metals (E22- 


somewhat 


strain and constant temperature, 
ments of time and stress or load made. 
41) and plastics (D674-51T), 
similar to those used in the Tension or Compression Tests. 
Where total strain of metals is of the same order of mag- 
nitude as elastic strain, magnitude of elastic strain is usu- 
ally determined at each test temperature by applying load 
stepwise and constructing a Stress-Strain Diagram or, if 
first-stage Creep is too rapid for accurate measurements, by 
measuring elastic strain occurring immediately upon releas« 
of load at the end of the test. Conditioning of plastics is 
particularly important in a Creep Test because changes in 
moisture content, plasticizer content and state of polymeri- 
zation not only affect Creep and Stress Relaxation behavior 
but also produce dimensional changes that may be sufficient 
to obscure Creep or Stress Relaxation. For vulcanized rub- 
ber (D1206-52T), the Creep specimen is a thin rectangular 


specimens are 
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strip suspended vertically and subjected to an axial Tensile 
Stress of 2 kg/cm*. Creep of hard rubber is measured by a 
special test for Cold Flow. Stresses employed in the Creep 
Test for metals are of such magnitude that rupture does 


not often occur within a practical test period. For plasti 

tresses employed in tl Creep Test are such that rupture 
ften occurs within 1000 hr. For simplicity, the rupture 
behavior of both metals and plastics is considered undet 


Stress Rupture Test. Metal or plastic specimens that do not 
fracture within the test period may be used to determine 
Creep Recovery 


Creepocity 
The relationship between Creep and time at a specified 
temperature. The percent increase in strain from one 
specified time to another as determined from the Creep 
Test. If Creepocity is determined on the basis of a single 


stress, the stress should be specified. Since Creepocity is 


often almost independent of stress, values at different 
stresses are sometimes averaged and the result given as 
Creepocity. Where average Creepocity is valid, a plot of 
Creepocity vs temperature often provides a useful basis for 
comparison of Creep behavior of various materials over a 
specified period of time 


Crush Test 
A method of determining the extent to whicl tal 
1 1 4 Ps 7 
can be compressed axially without failure. A “pass or no 
pass” test in which a ring section about 214 in. high is 


compressed a specified amount and visual examination made 
to ascertain whether failure has occurred. Practically, the 
test is limited to tubing of such dimensions that the ratio 
of outside diameter to thickness is neither large nor small 
Performance of a material in this test is sometimes referred 


to as its Crushability. 


Crushability 
The relative ability of a material to be compressed without 
failure. The term may refer to Compressive Strength, or, 
more often, the ability of tubing to withstand a specified 
Compressive Strain as measured in the Crush Test. In the 
latter case, Crushability is considered an indication of 
Ductility in mild steel and some nonferrous tubing. 





Crushing Load 
A measure of the maximum compressive load a material 
can withstand without failure. The force (lb) or stress 
needed to produce a predetermined degree of failure in the 
Compression Test where a true Compressive Strength can- 
not be determined for the material. 


Cup Blank Diameter, Maximum 
The diameter of the largest of a series of flat circular 
blanks of a metal that can be drawn to a cup of specified 
diameter without failure. A comparative index of the form- 
ability of metal sheet. Since the Cup Drawing Test is not 
standardized, the likelihood of obtaining comparable results 

in two different shops is small. Even with identical equip- 

ment and procedures, the difference between two materials 
can be ascertained only where sheet thicknesses are equal. 


















Cup Drawing Test 
A term for several different methods used to det 
formability of sheet metal. See Cup Hezg/ ind Cui 
Diameter, Maximun 


Cup Height (or Depth) 
A measure of Ductility of t tal. A sheet 


} 
; 


| 1eS 
qd aies 


nay be clamped between tw ring-shape 
hemispherical punch forced against one side of the 

or successive cups may be formed across a long strip 
plunger depth increased a specified amount for each 

as for rolled zinc (B69-39). Cup Height (or Dept 
usually the height or depth of the dome at the fi 
pearance of fracture, but it may also be the height « 
dome at which a sudden drop in punch pressure o 
Cup Height is usually expressed in 0.01 mm (Eri 
Test) or 0.001 in. (Olsen Test). A variety of cuppin 
tests are used and results cannot properly be compa: 
except where such factors as clamping pressure, smoot 
ness of dies and punch, lubrication, punching speed 
end point of the test are identical and carefully controlled 


Compensations must also be made for width and thickne | 
of the specimen. Cup Height tends to increase as specimer 

width decreases because the edges ‘draw in’. Cup Heig} 4 
also increases approximately linearly as sheet thickness ir 4 


creases; the correction may be ascertained from standar 
formulas and graphs. Cup Height can be measured rapid 
and requires no specimen preparation. It is a good indicat 
of wide variations in Ductility and a good measure of t 
likelihood of surface roughening in forming operatior 
Scatter is too wide for reliable detection of small diffe: 
ences between materials. 


De Mattia Flexing Machine Test 
A method of determining Cracking Reisistance or Cra 
Growth Resistance of rubber. 
For Cracking Resistance (D430-51T), the rubber may 
flexed in tension or in bending. The tension specimen 
the dumbbell type (C) used in the Tension Test. 1 


bend flex specimen is a 6x1xlj-in rectangular 


vith a transverse rounded notch on one side. The 
en is gripped at both ends in the De Mattia Flexi 
Machin nd flexed at 300 cpm. The bend flex spe 
ld so that the er is across tl nvex su 
A aa OR atl oe 
Several specimens are tested simultaneously and numb 


ycles prior to the appearance of the first minute sign 


racking is note The test is then continued until 
specimens exhibit some sign of failure at which time 
mber of cycles is noted. 

Specimen and procedure for Crack Growth R 
(D813-52T) are similar to those for the bend fle: 
above except that an 0.080-in. crack is pierced in the 
tom of the specimen groove. Length of the devel 
crack is measured frequently. Usually the test contin 


until the crack is 0.5 in. and sometimes until rupture 


Decrease in Thickness Under Pressure i 
A measure of the extent to which pasted mica sheet 4 j 
forms under load and heat (D352-52). A 1-in. stack 


3x2-in. pieces are clamped together between parallel plates 
a pressure of 100 psi applied, and thickness of the 
measured. Bolts are tightened to maintain the resulting 
deflection and the stack is heated to 320 F and held 5 

at that temperature. Heat is then removed and a pressut 
of 2000 psi applied and held until the stack return: 
room temperature, at which time stack thickness is a 
measured. Decrease in Thickness (%) is calculated ! 
dividing difference in thickness under the two loads }j 
thickness under the preload and multiplying by 100. 









un 





- 






Deformation Energy 
The energy (in.-lb/in.’) needed to deform a materi 
specified amount. The area under the curve on a St:es* 
Strain Diagram up to the specified strain. For rubvet 
Deformation Energy is generally the energy needed to 

duce a specified static compressive deformation of rm 
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Yerzley Mechanical Oscillograph Test and is calcu- 


follows 
10 A 
Qe = 10A 
e. = Deformation Energy in compression, in.-lb/in 
e, = Deformation Energy in shear, in.-lb/in.* 
A = Area under Load-Deflection curve down to 
specified deflection, in.-lb. 
numerical factors compensate for differences in volume 


cimens and in scales used in compression and shear 


ct 


Deformation Under Load 
® A measure of the extent to which plastics and other molded 

ical insulating materials deform under prolonged 
Two methods (D621-51) are 


rigid plastics, and Method B for nonrigid 


ressive loading. used: 


Method A fot 


In Method A, a 


, plied-up cube is sub- 
to a specified 


l4,-in. solid or 
axial compressive load, usually 250, 
1000 Ib, and a specified temperature usually 73.4, 
58 | Specimen height is measured after 10 se 
at which time load is 
ind height is measured again immediately. Method 

A Det ation Under Load (%) is calculated by dividing 
nge in height occurring under load by “original height’’ 
iltiplying by 100. For this purpose, “original height” 
culated by adding change under load to the height 


ng and again after 24 hr, 


sured after release of the load. Deformation Under 
1 (Method A) indicates the extent to which a rigid 
tic will tend to yield and loosen in a mechanically 
assembly. It can also be used as an index for 
n of long-time stiffness at various temperatures 
Method B lisk about 114 in. dia and VY in. thick 
bjected to an axial compressive load of 100 lb at 
fied temperature, usually 73.4, 122 or 158 F. Disk 
less is measured immediately upon loading and again 


3 hr, at which time load is release but temperature 


ntained for 1 hr. Heat is then removed and the 
en exposed to room temperature for 30 min, at 
time re overed thi kness 1S measured Method B 


Load (%) 1s calculated 
ize in thickness occurring under load by original thick- 


and multiplying by 100. Recovery may also be found. 


> Diamond Pyramid Hardness 
A common measure of Indentation Hardness of metals. 
Also called Vickers Hardness. An index of resistance to 
rface penetration by a square-based 136-deg pyramidal 
umond indentor under a specified load. It is calculated 
dividing applied load by calculated projected area of 
impression: 


Detormation Under by dividing 


1.8544 L 
d? , 
here DPH = Diamond Pyramid Hardness, kg/mm? 
L = load, kg 
d = length of diagonal of impression, mm. 
table (E92-52T) gives solutions for this formula where 
is 1 kg. DPH Hardness for other loads may be found 
assuming a 1-kg ioad and multiplying corresponding 
‘PH Hardness by actual load used. 


Pp Ball Impact Test 
\n Impact Test for determining Energy Absorption of a 
iterial in A metal ball of known weight is 


DPH = 


fracture. 


2 
Pa 


@ 





dropped upon the part or specimen from regularly increas 
r a] J 


ing heights. The height at which the material exhibits the 
L. 


first sign of failure and the height at which it ruptures 


re noted [he test 1s used especially for hard metals 

ceramics, metal-ceramics and plastics. See also 
Blow Impact Value 

Du Pont Flexing Machine Test 
A method of 
(D430-51T). 
and about 3/16 in. 


R ee f rubber 


letermining Cracking Kesistance of rubl 


The specimen is 714 in. long, 4 in. wide 
thick with a raised corrugated section 
and seven 120-deg V-notches. 
are mounted on a fabric base to prevent stretching and 21 
are linked together and run as a belt four 
pulleys of the Du Pont Flexing Machine 


subjected to three tensile flexes and one compressive flex 


ransverse The specimens 
around the 

The rubber is 
during each complete revolution. The test continues until 
all specimens show some sign of failure and total number 
of cycles is noted 


Ductility 
The extent to which a material, particularly a metal, can 
sustain plastic deformation without rupture. Bendability, 
Crushability, Elongation Reduction of Area and Wrapping 
Diameter, results of Cup Draw, Flattening, Kink, Repeated 
Bend and Twisting Tests are considered some indication of 
Ductility. 


Durometer Hardness 
A measure of Indentation Hardness of rubber (D676-49T) 
A flat annular presser foot is brought into contact with the 
rubber part or specimen. Durometer Hardness indicates 
the extent to which a spring-loaded hardened steel indentot 


operating through the presser foot protrudes beyond it 


a specified amount of time after con- 
Since 


either immediately o1 
tact between foot and rubber surface has been made. 
the scale is based on readings of 100 when both foot and 
indentor are pressed firmly on flat pure plate glass and 0 
when the indentor extends 0.100 in. beyond the foot, a 
higher Durometer Hardness indicates a greater Indenta- 
tion Hardness. 


Dynamic Modulus, Effective 
An indication of vibration absorption characteristics of rub- 
ber. A stiffness of rubber deformed 
beyond the straight-line portion of the Load-Deflection 
Mechanical Oscillograph Test. It 


easure of dynamic 
Diagram in the Yerzley 


is calculated as follows 


K 10 It 
K, 105 If 
he K Effective Dynamic Modulus in compression, psi 
K. Effective Dynamic Modulus in shear, psi 
] moment of inertia of beam and weights, slug 
ft? 
. = Frequency, cps 


Elastic Hysteresis 


The difference between Resilience of a material at a speci- 
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fied stress and Deformation Energy recovered from the 
iterial unloaded from the same stress, the loading and 
unloading occurring at a constant and specifi rate 
Elastic Limit 
[he greatest stress a material is capable of developing 
without a Pet inent Set 1! nin pon mplet leas 
st st . 
Permanent Set in be measure with the instruments 
used. Ordinarily, Elastic Limit and Proportional Limit of 
metals are considered to be approximately equal, and Elas- 
tic Limit is determined as the highest stress on the straight 
line portion of the Stress-Strain Diagram. Yield Point and 


Yield Strength are widely used approximations of Elastic 
Limit. An Apparent Elastic Limit is often determined for 
materials that do not exhibit 


Limit. 


significant Proportional 


Elastic Limit, Apparent 

An arbitrary approximation of Elastic Limit for a material 
that does not exhibit a significant Proportional Limit. It is 
obtained from a Stress-Strain Diagram and is equal to the 








Pd 
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S 9 te t 
S It t } 
tanoency hetween ft} ry nd ve hav; lane wit 
ingency petween the curve an 1 iine | ng a siope wi 


respect to the stress axis 50% greater than the slop 


curve at the origin 

Elongation 
A tert that is bot peneral and specif Generally, th 
extension of a material in tl lension lest at any speci 


int (e.g. Yield Point Elongation). Specifically, the 
extension of a material at rupture (see also Residual Elon- 
n) in the Tension Test. Generally, Elongation (%) 

is calculated by dividing total increase in gage length by 
original gage length and multiplying by 100. At rupture, 
Elongation (%) is usually calculated by dividing total 
permanent increase in gage length by original gage length 
and multiplying by 100. Total permanent strain can be 
measured by fitting the broken specimen together after 
rupture or by subtracting strain at the Elastic Limit from 
total strain indicated by a Stress-Strain Diagram. For any 
material with high Modulus of Elasticity and an important 
degree of Elongtion, the error introduced by using total 
strain obtained from extensometer or Stress-Strain Dia- 
gram instead of total permanent strain is insignificant. 
Elongation of metals in short gage lengths is quite sensi- 
tive to the effects of localized extension occurring at the 
center of the ‘‘necked down’”’ portion of the specimen, and 
gage length must therefore be specified. Elongation cannot 
be used to predict other mechanical properties but is con- 
sidered an indicator of Ductility in metals. As such it is 
used to predict both formability and the extent to which a 
metal can deform in service without rupture. However, 
Elongation may have little relation to the highly localized 
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extension occurring in many forming operations, 


gation specified for structural iterials often ha 


lation to the much smaller extension actually pe 
yy rvi onditions. Elongation cannot be used t 
materials subjected t idden 
Elongation, Residual 
4 measure of Ductility of plastics. The Elongatior 
plastic specimen measured 1 min after rupture in thi 
sion Test. 
Endurance Limit 
A measure of load-carrying ability of a material sul 


to infinitely-repeated loading. A special limiting val 
Fatigue Strength for some materials. The maximun 
nating stress amplitude that can be sustained by a mat 
subjected to a specified mean stress for an infinite nun 
of cycles without failure. It is obtained from the 
Diagram in the Fatigue Test and is equal to the const 
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stress corresponding to that portion (if any) of the 


axis. End 
meaning for a material that doe 


not exhibit the type of S-N curve described above. Actua 


which is parallel or asymptotic to the ‘N 


ance Limit has no real 


the term is often used as an alternate for Faticue 
for such materials, but number of cycles actually test 


should be specified 


Energy Absorption 


A G [ l] 
erg [ LV 
iding specil I] it 1 me re loughnes 
Impact S ng I terial; the energy needed to f 
ture in Impa Test. It is tl liffere 
Kinet! f tl iker bef ft 
ré erg ( lb in-1D ) ( et 
| Nc r on 


electrical insulating materials. A higher Energy Absor 
tion indicates a greater Toughness. For notched specimer 
Energy Absorption is an indication of the effect of intern 
multiaxial stress distribution on fracture behavior of tl 
material. It is merely a qualitative index and cannot 


used directly in design. Notch behavior of most metals 


can be deduced from results of the Tension Test, but not 
behavior of ferritic steels is not predictable. Transiti 
Temperature, derived from a series of Energy Absorptio! 
measurements, is commonly specified for such material 
Energy Absorption is quite sensitive to variations in mate 
rials and in test conditions, especially temperature, strikin 
speed and energy, and specimen size and shape. Only r 
sults for identical specimens and notches may safely | 
compared. If a metal has reasonably high Energy Absor} 
tion at a specified temperature, it is assumed that it wil 
exhibit ductile fracture at all higher temperatures. Othe 
properties representing measurements of Energy Absorptios 
in its general sense include Bend Energy, Deformatio 
Energy, Elastic Hysteresis, Impact Resilience, Kinet 
Energy in Elastomeric Spring Resilience, Scleroscope Har 
ness. 


Equivalent Yield Stress 


A convenient index of relative strength of thermost: 
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tals at various elevated temperatures (B191-50) A 
ingulal specimen 15S ised [ol flat Strif and a helix 
1 by wrapping 10 urns on 11 ut 
t > material ick 1 f | 
mn iS suj ted le beam and subjected 
ing | 
xhibits a st ba anent Set 1 Ss 
it Yield St t I 
P| 
C 
bh 
S Equivalent Yield St: 
P each load at yielding, |b 
each span, in 
b material width, in. 


material thickness, in. 
ust be indicated whether the high-expansion side of 


bimetal is tested in tension or compression 


Erichsen Cup Test 


se€ Cup Height. 


Expansion Test 
Also called Flaring Test. A tapered pin is forced into the 
nd of a tube a distance sufficient to produce a specified 


se in tube diameter, and the tube is examined 

termine whether failure has occurred. The pin usually 
pe eee ee 7] aa Fo ly ¢ 
0-deg included angle, and expansion usually ranges 
5 to 40%. Primarily a control and acceptance test 


nonferrous metal tubing 


Fatigue Life 


indication of the useful life of a material subjected to 
ited loading. The number of cycles of loading of 
ied magnitude and direction that can be withstood by 
iterial without failure. It is obtained from the S-N 
Diagram in the Fatigue Test. The S-N curve is such that 
\ - e¢ 4 
Nv” or “‘life” values change rapidly with small changes in 
S” or stress values. Therefore, Fatigue Life is usually 


ermined on the basis of a stress somewhat higher than 


Fatigue Notch Factor 


illed Strenet Reduction Rat ‘4 


material free of known stress con- 


trators to that a material with known stress concen- 

{ ing specimens re otherwise comparable and 

nditions identical The empirical Fatigue Notch 

Fact is usually lower than the theoretical Stress Concen 
tion Factor because of stress relief that occurs in con- 

nection with local plastic deformation For a_ given 


iterial, a higher Fatigue Notch Factor indicates the likeli- 
ood of a lower Fatigue Strength or Endurance Limit. 


Fatigue Ratio 
The ratio of Fatigue Strength or Endurance Limit to 
lensile Strength. For many materials it is constant enough 
0 that Fatigue Strength can be estimated from Tensile 
Strength, provided that stress concentration conditions in 


+ 


test and service are comparable. 


atigue Strength 
A measure of load-carrying ability of a material subjected 
to loading that is repeated a definite number of times. The 
maximum alternating stress amplitude that can be sustained 
by a material, subjected to a specified mean stress, for a 
specified number of cycles without failure. It is obtained 
trom the S-N Diagram in the Fatigue Test. Endurance 
Limit is a special limiting value of Fatigue Strength. The 
S-N curve is such that “N” or “life” values change rapidly 
with small changes in ‘‘S’’ or stress values, and therefore 
Fatigue Strength is usually determined on the basis of a 
lite many times estimated actual service life. Fatigue 
Strength of ferrous metals determined under conditions of 
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ompletely reversed axial stress is sometimes converted to 


Fatig Strength under conditions of unreversed or pat 
by the tollowing empuirical tormula 
) 
5 5 ( 
' t 
‘\ \ tf not 
_~ , 
rn } ‘ 
‘ 
hye oO t + + letel 1] 
being negative for complete! r partial 
reversed stress 
sion in parenthesis may vary with difterent 
, »S 
] ] +s y Fé 7 a 
nN | 1igding < naition (e.2 - r alumi 
» 
and for sl oading ) 
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Fatigue Test 
A method of determining maximum life or maximum load 
for a material subjected to repeated loading. A specified 
constant or ‘mean’ stress (which may be zero) and a 
superimposed specified cyclic stress (known as “alternating 
stress amplitude’) are applied to the material and the 
number of cycles needed to produce failure observed. Re 
sults are usually presented in the form of an S-N Diagram 
n which values of alternating stress amplitude (“‘S’) are 
plotted against log of the corresponding numbers of cycles 
required for failure (“N’), each curve representing 
specified mean stress. Fatigue Life, Fatigue Strength and 
Endurance Limit are determined from the S-N Diagram 
[he loads may be applied axially, in torsion or in flex 


] 


ure and the cyclic load may be unidirectional, completely 
reversed or partially reversed. Depending on the combina 
tion of mean stress and alternating stress amplitude, there- 
fore, the maximum net stress in one direction may be more 
than, equal to or less than the maximum net stress in the 
opposite direction, or all net stresses may be in one direc- 
tion Loads corresponding to specified stesses may be 
alculated as in corresponding static tests (Tension, Con 
Torsion and Flexure Tests). Where mean stress 
a + 


yle Creep may occur for some plastics 


| | ] 
bess Pa vated 


Most Fatigue Tests are made in flexure on either rotat- 


} ) O1 ibratory type machines. A _ rotating beam 

ine § ends a constant load from the specimen and 
rotates it rapidly as a fully-supported or cantilever beam, 
each rotation completing a stress cycle A vibratory ma 
chine may flex a specimen by magnetic excitation O! by 


utilizing the centrifugal force of a rotating wheel trans 
mitted to the specimen fully supported as a beam, but 
usually the specimen is supported as a cantilever beam and 
vibrated by an eccentric wheel. Both notched and un- 
notched specimens are used, depending on whether infor- 
mation is desired on behavior of a material under optimum 
conditions or on the effect of various stress concentrators 
on behavior of a material. Metal specimens have not been 
widely standardized. An unnotched specimen for a rotating 
beam test is generally cylindrical with a gradual reduced 
section at the center. In a notched rotating beam specimen 
the gradual reduced section is replaced by a circumferen- 
tial narrow reduced section having a diameter 50 to 85% 
of overall diameter. A vibratory specimen is generally 
rectangular with a gradual reduced section in either width 
or thickness amounting to a center reduction of about 40%. 
A notch or hole may be added in the reduced section to 
act as a stress raiser. The unnotched vibratory cantilever 
specimen for plastics (D671-51T) is a ¥4-in.-square beam 
with a span of 31/4 in. and a gradual reduced cross section 
measuring 0.3 in. square at the center. For sheet the speci- 
men is rectangular with only the width reduced. Notched 
plastic specimens are flat rectangles with either a transverse 
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e Of original load 


File Hardness 
A statement as to w 
a material. A simply-obtained comparative property gener 


é' 
ally ascertained only for metal 


Firestone Flexometer Test 


-— . 
A method of determining Compression Fatigue character- 


istics of rubber. A frustrum of a rectangular pyramid witl 


>71 


24x14 base, 2x1 top and 11/-in. altitude is subjecte 


to a specified axial compressive load and resulting vertical 


deflection measured. The specimen is then subjected tO an 


additional off-center oscillating compressive load until 


specified idditional deflection 1S ict 1EVE & Frequent meas- 
ements of specimen temp ; Results 

PN 1 » numbe ot | S c 

fied litional deflection 1, “ 


changes involve 


Flange Test 


A flange is formed on a short section of tubing 
ined for vidence of fail An indication ¢ gC 
formability of nonfe s and ld steel tubing 


Flaring Test 


See Expansion Te 


Flattening Test 
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Flexing Fatigue Resistance 
A measure of resistan t lat 


known heig sub e oscillations 

id itude Y/ large 
is used for materials with an Indentation value less thar 
1.34 psi. Flexing Fatigue Resistance is indicated by num- 


ber of cycles needed to produce failure of the cellular 
structure as determined by visual examination and com- 
parison with unflexed specimens (D1055-53T). Results 
are sometimes accompanied by Compression Set determined 


at 250,000 cycles. 


Flexural Modulus of Elasticity 
The Modulus of Elasticity of a material in the Flexur 


Test. It may be calculated from a Load-Deflection Dia- 


gram as follows: 

L 
4bh? \ Y 
0.425 L*/ P P 
Rs Y (for round specimen) 


where E, = Flexural Modulus of Elasticity, psi 


) (for rectangular specimen) 


Ep = 


— = slope of initial straightline portion of curve on 


Y Load-Deflection Diagram, Ib/in. 
L = span, in. 
b = specimen width, in. 
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Flexural Stress 
The maximum nominal tensile or compressive stress devel- 
oped by a specified bending load 
the Flexure Test. It is calculated as folfows: 
ee, ’ 
>= bh? (for rectangular specimen) 
2.546 PL 
= a { 
where S = Flexural Stress, psi 
P = bending load, lb 
L = span, in 


material subjected to 


ror round specimen ) 


b = specimen width, in. 
h = specimen thickness, in. 
d = specimen diameter, in. 


Flexural Yield Strength 


The Yield Strength of a material in the Flexure Test 


Flexure Test 
Also called Transverse Bend Test. A method of detern 


ing behavior of material subjected to bend loading. 


MATERIALS & METHOD 





















On 


CVel- 
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idrical bar or rectangular strip is supported usually as 


mple beam and subjected to a measured and increasing 





ling load at the center of the span. Frequent or con- 
fe, ta ° Te 

s measurements of both bending load and deflection 

cent f the span a id ntil rupture occurs and 


Load-Deflection Diagram is constructed. Properties deter- 
ined from the Flexure Test include Flexural Modulus of 
Elasticity, Flexural Strength, Flexural Yield Strength and 
Maximum Bending Deflection. Reliable data on hard and 
ittle materials such as cast iron, tool steels, sintered car- 
les and metal-ceramics are more readily obtained from 
the Flexure Test than the Tension Test, and slight varia- 
ons in properties are more evident than in an Impact 
fest. The cylindrical specimen for cast iron (A48-48) 
inges from 7% to 2 in. dia and 12 to 24 in. in span. 
Specimens for hard steels are usually smaller. For molded 
gid plastics, glass-bonded mica and other electrical in- 
ating materials (D790-49T) the rectangular specimen 
be 14 in. wide, 4 in. thick and 4 in. in span. Sheet 
imens have a span equal to at least 16 times thickness, 
the span of laminated round rod (D349-52) is eight 
diameter. For some sheet electrical insulating mate- 
less than 1/16 in. thick, the span is 4 in. for edgewise 

and 14 in. for flatwise tests (ID229-49). 

Fluting Diameter 
The smallest diameter about which sheet metal can be bent 
form a smooth curve rather than a series of planes with 
fluted appearance. 


Frequency 
An indication of vibration absorption characteristics of rub- 


btained from the Yerzley Mechanical Oscillograph 
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Test. Frequency (cps) is calculated by dividing a con- 
venient number of complete cycles in the oscillograph 
urve by horizontal distance (in.) which is equivalent to 
the corresponding time (sec) required. 


Gehman Torsional Test 
A special Torsion Test used to determine stiffening be- 
havior of rubber at low temperatures (D1053-52T). A 
thin rectangular strip about 114 in. long and 1% in. wide is 
twisted axially in a controlled temperature chamber. The 
torsion wire has a constant such that total angular deforma- 
tion of the specimen is between 120 and 170 deg when the 
torsion head is turned 180 deg. Temperature is increased 
from below the freezing point to room temperature. At 
each temperature total angle of twist of the specimen pro- 
duced by a 180-deg turn of the torsion head is observed 
and the results are plotted as a graph of twist angle vs. 
temperature. Modulus of Rigidity and Relative Modulus 
may be determined for any temperature. Test results are 

ften given as the temperatures at which Relative Modulus 
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has certain specified values (2, 5, 10 and 100 are common). 
[The test may also be used to evaluate effects of long-tern 
cold hardening at a specified temperature, in which case 


log of Relative Modulus is plotted against time 


Goodrich Flexometer Test 


A ethod of determining Comp | 

ti I rubber having Durometer H 
A cylinder or truncated cone 1 in. high and about %% in 
dia is subjected to two axial compressive loads: one 1s 


either a specified load or the load needed to produc 
specified deflection, and the other is a superimposed high 
frequency (1800 cpm) cyclic load of specified am] 
Frequent measurements of temperature at the base of the 
specimen are made, and sometimes continuous measuré 
ments of specimen height are made. The test may end at 
a predetermined time, at the time no further temperature 
rise occurs, or upon blowout failure. Except where failure 
occurs, specimen height is measured 1 hr after load is re- 
leased and Permanent Set may be calculated. Test results 
may be expressed in several different ways: temperature 
rise in a specified time; Permanent Set in a specified time; 
duration of heat buildup; maximum temperature rise; and 
time to failure. For any time at which specimen height ts 
known, degree of stiffening or softening may be estimated 
by comparing change in height at that point with calculated 
Permanent Set. 


Hardness 
The resistance of a material to plastic deformation. Dif- 
ferent aspects of Hardness may be determined by indenting, 
scratching or bouncing a projectile from the material. File 
Hardness is a simple test for scratch Hardness, and Sclero 
scope Hardness is a common rebound test. Most common 


tests, however, are of the Indentation Hardness type. 


Heat Distortion Temperature 

A measure of the practical upper temperature limit for an 
ordinarily rigid plastic subjected to external load (D648- 
45T). A 5-in. solid or plied-up rectangular strip 1/2 1n. 
thick and 1g to Y in. wide is supported as a simple beam 
with 4-in. span and subjected to a bending load sufficient 
to produce a Flexural Stress of either 264 psi or 66 psi, as 
specified. After load has been applied 5 min, the deflection 
gage is zeroed and the specimen heated at 5C/min until a 
deflection of 0.010 in. is observed. Heat Distortion Tem- 
perature is the temperature at which 0.010 in. deflection is 
observed for the specified Flexural Stress. 


Heat Distortion Test 

A method of determining effect of elevated temperatures 
and time on strength of glass-bonded mica (D1039-50T). 
A rectangular specimen similar to that used in determina- 
tion of Heat Distortion Temperature of plastics is sup- 
ported as a simple beam and subjected to a center load 
sufficient to produce a specified Flexural Stress. Deflection 
of the center of the beam is measured after both 1 and 24 
hr at a specified elevated temperature. Results are usually 
given as the deflections at both times for each test tem- 
perature selected. 


Hoop Stress 
The circumferential stress in a material of cylindrical form 
subjected to internal or external pressure in the Pressure 
Test. For thin-wall cylinders, it is calculated as follows: 





: PD 
2 = 
2t 
where S = Hoop Stress, psi 
P = applied pressure, psi 
D = specimen o.d., in. 
t = wall thickness, in. 


This relationship, known as “Barlow's formula’, does not 
hold for thick-wall specimens where stress varies appre- 
ciably in the cross section and more complex analysis is 
required. 

















oes? 


























ees: Seer, al 











Impact Resilience 
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and headphones. Initial and final deflections are measure 
J | + 7 , 
ind the difference between them adjusted to ompensate 


for the difference in length of the pendulum at point of 
measurement. Penetration is 


The Goodyear-Healey pendulum is 


penetration and at point of 


reported in 0.001 in 


often modified ious purposes and resul 
lways rectly y! I R f 1S 
S 1 by S 'S Hardn 
Impact Strength (or Resistance) 
An alte rnate tet ror Energy Abs rption iS 1eteri nea by 
in Impact Test. A measure of Toughness. | 
hy ] nn t 1] Wil 4 
I t Tests, since such tests n asi pact b 
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Impact Test 
A destructive test in which t t | is subjected one or 
more impacts of specified magnitude and Energy Absor 
tion 1 proportion s d ined I Drop 
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ported at one end and the load is axial and tensile. In 


| 
case the blow is delivered by a pendulum striker. The test 
may be conducted at various specified levels of velocity 
(linear velocity of striker at impact) and energy (energy 
of striker at impact). The Impact Test is highly contro- 
versial and its results must be carefully interpreted for 
proper application. Impact Resilience and Scleroscope 
Hardness are determined by nondestructive Impact Tests 


Indentation 

A measure of Indentation Hardness of latex foam rubber 
(D1055-53T). The stress needed to produce 25% indenta- 
tion. The flat specimen is of full thickness and at least 1 
ft square. It rests on a perforated plate which allows air 
to escape during compression. A preload of 1 Ib is applied 
to the indentor, which is a flat circular foot of 50-sq-in. 
area, and specimen height is measured. The specimen is 
then compressed an amount equal to 25% of measured 
height and the corresponding load is observed. Indentation 
(psi) is calculated by dividing observed load by 50. 


Indentation Hardness 
The ability of a material to resist penetration by an in- 
dentor forced into its surface by a perpendicular load. For 
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Izod Impact Test 
An Impact Test for determination of Energy Absorpt 
Toughness in fracture of materials. A rectangular 
drical specimen is supported as antilever be 
struck transversely. A common tangular steel s] 
(E23-47T) is about 3 in. long with a cross section 
).4 in. squ ind a transverse 45-deg V-notch. Tw L 
irical spect is—T yy .g i ( tial 
n [ ( ff witl } I King 
(A327 ) 
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(D i7T ) n re x i 
k it g \ S 
All not 1 Izod n S t note 
1 1 1 — a. 
ter line in the plane of the supporting edges and struck 


l 
the notch side at a specified point between the notch 
the unsupported end. Many modifications of the Izod T 
have been made to eliminate the error introduced by the 
energy imparted to the free broken part of the specimen 
The error is particularly significant for low-strength non 
metallic materials. Both metals and plastics (D758-48) 


tested at subnormal and elevated temperatures. 





Kinetic Energy in Elastomeric Spring 
A measure of vibration absorption characteristics of rubb 
The maximum kinetic energy (in.-lb/in.*) absorbed 
rubber in the Yerzley Mechanical Oscillograph Test cal 
lated as follows: 
_ 4nh, 


E. an “f= 
V 





E,.= 2 oh 
V 
where E, = maximum Kinetic Energy in compression, ! 
lb/in.* 
E, = maximum Kinetic Energy in shear, in.-lb 
m =number of unbalanced weights 
h; = vertical distance of downstroke of first cycle 
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Knoop Hardness 


of Indentation Hardness of material An 

f resistance to surface penetration by « tanda 
te ae Ber 7 } —— - ; 
jal diamon indentor under specined 10a noot 


f iness is equal [to a} plied load (kg) divide by pr 
1 area of impression (sq mm). Projected area is cal 
ted by squaring the length of the longer diagonal of 
impression and multiplying it by a constant characteristic 


indentor [he standard indentor has an included 
citudinal angle of 172°30° and an included transverse 
ele of 130°0’. Ratio of lengths of diagonals of the 


ression is 7.11:1. Loads range from 25 g to 50 kg, and 
test is particularly useful where a shallow impression 


¢ sired. 


Load-Deflection Diagram 


ph on which is plotted load vs corresponding defle 
f a material In the Flexure Test, a Load-Deflection 
is usually necessary for determination of Flexural 

of Elasticity and Flexural Yield Strength. It is 

ful in determination of Flexural Strength and 
Bending Deflection A stress cannot be read 

from the Load-Deflection Diagran but must be 


ited as the Flexural Stress corresponding to the 
sriate load. A Load-Deflection Diagram may also 
nstructed from the stepwise load-deformation graph 
ed in the Yerzley Mechanical Oscillograph Test. It 
ts of a smooth hysteresis loop drawn through the 
of intersection of the horizontal lines with the ver- 


which they originate. Since each step in 


graph represents an increase of 20 psi 1n co! 
ss sponding ny 
six 
Low-Temperature Compression Set 
1 measure of ability of vulcanized rubber loaded at 
nd then subjected to a prolonged low ten 


leformation while still at 
age of a prolonged con 
leformation that is retained when load 
ised at the n (D1229-52T ) 
nilar to Method B described under Compression Set, 


nperature Che test 


pt that test temperatures usually range from 20 to 
F, time under load is usually 22 or 94 hr, and final 
cimen thickness is measured 10 sec, as well as 30 min, 
tter load release. Compression Set is calculated as in 
Method B for both 10 sec and 30 min. Low-Temperature 
Compression Set, unlike Compression Set determined by 
Methods A or B, is not permanent, since the material 
returns to its original dimensions when heated to room 
mperature or slightly higher. The test simulates to some 
xtent conditions encountered in seal and gasket applica- 
ns for aircraft and submarines. 


Low-Temperature Deflection 
\ measure of the effect of low temperatures or. Compressi- 
ility of latex foam rubber (D1055-53T) and sponge and 
xpanded cellular rubber (D1056-53T). The load needed 
» produce 25% deflection in a disk 1/, in. thick and about 
Yg in. dia is determined by the Compression-Deflection 
lest at room temperature. The specimen is then condi- 
tioned for 5 hr at —40 F, at which time the same com- 
ressive load is applied and resulting deflection measured 
mediately. Percentage deflection is calculated by dividing 
bserved deflection by original specimen thickness and mul- 
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tiplying by 100. Low Temperature Deflection (%) is cal- 
culated by subtracting observed percentage deflection from 
ind multiplying the result by four. 
Low-Temperature Modulus Test 


A 


\ thod of determining stiffness of rubber at lo 


A rectang l trip al 

I { (D tO ) 7 

vhet time effects legligibie (secon r transi 
tion) or not (crystallization). 

In I ethod, a load sufficient to ause a small 
eflection is applied to the center of the span and allows 
main LO sec Che lo 1 is then removed and after 10 
St resulting net deflection of the center of the beam is 
nN easured. The same load 1S reapplied and allowed to 


remain 15 sec at which time deflection under load is 
measured. The modulus is calculated by the first equation 
under Flexural Modulus of Elasticity except that P is ap- 
plied load and Y is difference in deflection readings. The 
calculation may be simplified by means of a nomograph 
The modulus is determined at 70, 32, -—40 and -70 F, 
sometimes at lower temperatures, and often at other con- 
venient intervening temperatures. Results are usually pre- 
sented in the form of a plot of Flexural Modulus of Elas- 
ticity vs temperature. Where a specific application is in- 
volved one or more limiting modulus values corresponding 
to predetermined temperatures may be reported if crystal- 
lization and other time effects are known to be absent. 
In the second method, Flexural Modulus of Elasticity is 
determined at —4 F (32 F for neoprene) as above. The 
72 hr at test temperature after which 
the modulus is again determined. A considerably larger 


specimen is then held 


modulus after 72 hr indicates the presence of crystalliza- 


tion or other time effects. 


Modulus 
The Tensile Stress of rubber corresponding to a specified 
Elongation. Also, sometimes, an abbreviation for Modulus 
of Elasticity or Modulus of Rigidity. 


Modulus, Static 
The tangent Modulus of Elasticity of rubber obtained from 
the Yerzley Mechanical Oscillograph Test 


Modulus of Elasticity 

A measure of stiffness of a material. Not to be confused 
with Modulus of rubber. A term applied to two different 
relationships between stress and strain below the Elastic 
Limit. Tangent Modulus of Elasticity is the slope of a 
Stress-Strain Diagram at a specified stress. Secant Modulus 

Elasticity is the ratio of stress to strain at a specified 
stress or strain. It is also called the Stress-Strain Ratio 
For a material exhibiting a true Proportional Limit of any 
significant magnitude, both moduli are equal to the slope 
of the straight-line portion of the Stress-Strain Diagram 





and are therefore equal to each other. For a material with- 
out a definite Proportional Limit, the two moduli may 
differ significantly. For many materials, the Proportional 
Limit is nominal in that the stress-strain curve is only 
approximately the straight line predicted by Hooke’s Law. 
For such materials the two moduli are different but usually 


































































































the difference is of no practical significance. Depending on 


the type of loading represented by the Stress-Strain Dia- 


gram, Modulus of Elasticity may be known as Compressive 
Modulus of Elasticity (or Modulus of Elasticity in Com- 
pression), Flexural Modulus of Elasticity (or Modulus of 
Elasticity in Flexure), Shear Modulus of Elasticity (or 
Modulus of Elasticity in Shear), Tensile Modulus of Elas 
ticity (or Modulus of Elasticity in Tension), or Torsional 
Modulus of Elasticity (or Modulus of Elasticity in Tor- 
sion). Shear Modulus of Elasticity is almost invariably 
equivalent to Torsional Modulus of Elasticity and they are 
more commonly known as Modulus of Rigidity. The term 
Modulus of Elasticity alone generally refers to Tensile 
Modulus of Elasticity. Moduli of Elasticity in Tension, 
Compression or Flexure are usually approximately equal 
for a given material and may be calculated from Modulus 
of Rigidity as follows: 


E=2G(1+4+ 1) 


where E = Modulus of Elasticity, psi 
G = Modulus of Rigidity, psi 
r = Poisson's Ratio 


Below the Elastic Limit, Modulus of Elasticity may be used 
to predict the stress corresponding to a specified strain or 
vice versa. A higher Modulus of Elasticity indicates greater 
stiffness. See also Dynamic Modulus. 


Modulus of Resilience 
The Resilience of a material subjected to a stress corre- 
sponding to its Proportional Limit. 


Modulus of Rigidity 
Also called Shear Modulus of Elasticity, Modulus of Elas- 
ticity in Shear, Torsional Modulus of Elasticity and Modu- 
lus of Elasticity in Torsion. A measure of stiffness of a 
material subjected to shear loading. Usually the tangent 
or secant Modulus of Elasticity of a material in the Torsion 
Test. The relationship between Torsional Stress and Tor- 
sional Strain. The tangent modulus may also be obtained 
from the Torque-Twist Diagram by dividing slope of the 
straight-line portion by the polar moment of inertia (in.*) 
of the specimen. For cast iron, where the specimen has 
been standardized, Modulus of Rigidity is calculated by 
multiplying slope of the Torque-Twist Diagram by 32.2. 
In the Gehman Torsional Test, Modulus of Rigidity is 
calculated as follows: 

0.795 K (180—#) 

bh* 26 
Modulus of Rigidity, psi 


—- 





where G 


6 = total angular deflection, deg 

K = torsional constant of wire, g-cm/deg twist 
b = specimen width, in. 

h == specimen thickness, in. 

u = factor based on b/h 


Modulus of Rigidity may also be calculated from Modulus 

of Elasticity in Tension, Compression or Flexure: 
eget. 

2(1 7+ r) 

where E = Modulus of Elasticity, psi 

r = Poisson's Ratio 
An Apparent Modulus of Rigidity is sometimes determined 
for plastics. 


Modulus of Rigidity, Apparent 


Monotron Hardness 


Olsen Cup Test 





Poisson's Ratio 


An approximation of Modulus of Rigidity determi: 
plastics by a special limited Torsion Test (D104 


sal } 
A fixed small torque of less than 1 in.-lb is appl; 


ctangular strip 214 in. long and \4 in. wide an Pr 
ingular deflection observed. Apparent Modulus of } 
iy D alculated by substituting (9] TL) 





(180—é@) in the numerator of the formula for Mod 
Rigidity, where T is applied torque (in.-lb) and I 
nen twist length (in.). Ordinarily the test is con 
at several different temperatures for the purpose of 


ing effect of temperature on stiffness 


Modulus of Rupture 


The Ultimate Strength of a material as determined b 


Flexure or Torsion Test. Modulus of Rupture in FI! 

is an alternate term for Flexural Strength. Modul 
Rupture in Torsion is an alternate term for Torsion: 
Strength. 


A measure of Indentation Hardness of a metal. The 
(kg) needed to press a specified ball indentor a specific 
depth into the surface. Most common indentor is a 0.7: 
mm diamond. Use of alternate indentors is indicated } 
scale designations as follows: l-mm diamond (M-2 
1/16-in. tungsten carbide (M-3); 2.5-mm_ tungsten 
bide (M-4). Standard depth of penetration is 0.045 
but, for hard materials, depth of indentation ray 
limited to 0.015 mm and resulting load multiplied 





three. 


See Cu p He igh t. 


Permanent Set 


The extent to which a material is permanently deforms 
by a specified load. Permanent Set (%) is calculated | 
dividing difference in a dimension in the direction of load 
ing before and after the load cycle by original dimen 
and multiplying by 100. 


Plasticity Number 


A measure of Compressil 


ility of rubber at elevated 
peratures. An index of the height of a standard speci 
under a 5-kg load after a specified loading period at : J 
specified temperature in the Plastometer Test. Compressi 
times most commonly used are 3 or 10 min. Plasticit 
Number is calculated by multiplying measured height 
(mm) by 100. A lower Plasticity Number indicates gr 
er compressibility. Plasticity Number is usually report 
in conjunction with Recovery and is required for cal 
tion of Method A Recovery. 


Plastometer Test 


A method of determining ability of rubber to be com: | 
pressed at an elevated temperature and to recover at room 
temperature (D926-47T). The standard specimen is 2 
solid or plied-up cylinder 14 in. high and about 9/16 in 
dia. Test temperatures vary from room to 212 F, but 158 
and 212 F are common. The specimen is preheated 15 
min before load is applied. Both Plasticity Number and 
Recovery are determined. This test differs from the Com- 
pressibility and Recovery Test in that the latter measures 
behavior of a material subjected to short-time loading 4 
room temperature. 


The ratio of lateral strain to corresponding axial strain 

a material subjected to axial loading. It may be obtained 
from suitable strain measurements made during a Tension | 
or Compression Test. Poisson's Ratio for an_ isotropit 
material at a stress below the Proportional Limit maj 
also be calculated as follows: 








MATERIALS & METHO)S 



























































res 


pre 


e ¢ 
it room 


ain 

btained 
Tension 
otropi 


o 














P 


r Poisson's Ratio 


I Modulus of Elasticity in Tension or Compres 
510n ps! 
G Modulus of Elasticity in Shear, psi 
ure Test 
rd lng D iterial 1 low 
ibjected to internal r external hydro 
ssure. A Bursting Test for rigid materials. Two 
ls are used for internal tests. In one method. used 


{ 
rigid plastic tubing (D11-80-51T), close-fitting cylin- 
il plugs of known diameter are fitted in the ends of 


-6-in. long tube which contains a high-viscosity fluid 


r . 


plugs are forced slowly toward each other and ap 
| load at rupture is observed. Bursting Strength is 
ilculated on the basis of Radial Stress. In another method, 
-d for metals and glass (C147-50), the closed tube or 
linder is subjected to measured and gradually increasing 
rnal fluid pressure and maximum applied pressure prior 
rupture 1S observed Bursting Strength is calculated on 
basis of Hoop Stress for metals and Radial Stress for 
iss. Sometimes a metal cylinder is immersed in water 
volume of water displaced measured to determine 
Permanent Set of the material for a specified internal 
essure. An external test, primarily for metals, is some- 
es conducted either by immersing a closed-end speci- 
n in the fluid or by sealing a pressure chamber around 
ircumference of an open-end specimen. 


Proportional Limit 


[he greatest stress which a material is capable of develop- 
ng without a deviation from the law of proportionality 

tress to strain (Hooke’s Law). Theoretically, it is the 
highest stress at which the ‘curve’ on the Stress-Strain 





. 
j 
¢ 
> 
Diagram is a straight line. Practically, it is the highest 
yn the urve for which no “offset (see Yield 
ngth) trom the tangent to the lower part of the curve 


be measured with the instruments used. Proportional 
it and Elastic Limit of many metals are considered to 
approximately equal. 


Pusey and Jones Indentation 


R 


A measure of Indentation Hardness of rubber. The depth 
penetration (in 0.01 mm) of a specified ball indentor 
nder 1-kg load obtained with the Pusey and Jones Plas- 
meter (D531-49). The specimen is a_ 1%x3-in. 
ectangular block 1/4 in. thick. The indertor is brought 
ito contact with the specimen and the deflection gage 
roed. A 1-kg load is applied and deflection observed 
ter 1 min. Standard indentor is in. dia, but a 4-in. 
lentor is necessary for some soft materials, in which 
se deflection is observed after 15 sec and test conditions 
ported with the result. A lower Pusey and Jones Inden- 
tion indicates a higher Indentation Hardness. Indentation 
‘ardness determined by this method differs from ASTM 
‘ardness in that the latter involves precompression of 
bber adjacent to the indentation whereas this method 
ows free plastic flow about the indentation. 
lial Stress 
1€ stress in the radius direction in a cylindrical material 
ject to a specified internal or external pressure, as in the 
ssure Test. In a thin-wall specimen it is equal to the 
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applied pressure. For rigid plastic tubing it is calculated } 
by dividing applied load by cross section area of the . 


cylindrical piston 


Recovery , 
A measure of ability f a material to V [ detfot 
! ) A t I lk } , 
termined by tli Comp! sibility an R ry Test. tl 
Deformation Under Load test and the Plastometer Test 


In the Compressibility and Recovery Test, it measures 
the extent to which a gasket material recovers from short 
time compressive deformation. Recovery (%) 1s calculated 
by dividing difference between recovered thickness and 
thickness under major load by difference between original 
thickness under preload and thickness under major load 
and multiplying by 100. It is usually reported in con- 
junction with Compressibility and does not indicate be- 
havior of a material under prolonged load 

In the Deformation Under Load test, it measures the 
extent to which a nonrigid plastic recovers from _ pro- 
longed compressive deformation occurring at an elevated 
temperature. Recovery (%) is calculated by dividing dif- 
ference between recovered height and height after 3 hr 
under load by change in height under load and multiplying 
by 100. It is usually reported in conjunction with Method 
B Deformation Under Load. 

In the Plastometer Test, it measures the extent to which 
an elastomer recovers from compressive deformation oc- 
curring at an elevated temperature. Plastometer Recovery 
is determined by one of two methods. In Method A the 
specimen is subjected to a 5-kg load at a specified temp 
erature. At the end of the specified compression period 
load is released and the material is exposed to room 
temperature for 1 min. Specimen height is then measured 
in mm and this value, multiplied by 100, is known as 
“recovered height’. Recovery (Method A) is equal to the 
difference between Plasticity Number and recovered height. 
In Method B, the specimen is compressed at the specified 
temperature to a spacer-controlled height of 5.0 mm and 
deflection and temperature are maintained for 30 sec. The 
specimen is then removed and allowed to recover for 5 
min, at which time recovered height is determined as 
above. Recovery (Method B) is equal to recovered height 
minus 500. Plastometer Recovery is usually reported in 
conjunction with Plasticity Number 


See also Rockwell Rec very 


Reduction of Area 

A measure of Ductility of a metal. The greatest extent to 
which original cross section area of a specimen in the 
Tension Test is reduced at fracture. Reduction of Area 
(%) is calculated by dividing difference between original 
and smallest final cross section area by original cross sec- 
tion area and multiplying by 100. It is not determined for 
sheet specimens. Reduction of Area is not as widely used 
an index of Ductility of metals as Elongation. 


Relative Modulus 
The ratio of Modulus of Rigidity of rubber at a specified 
low temperature to that at room temperature, as determined 
in the Gehman Torsional Test. The temperature at which 
Relative Modulus has a specified value may be determined 
by calculating twist angle corresponding to the specified 
Relative Modulus and reading the corresponding tempera- 
ture from the twist-temperature curve. Twist angle cor- 
responding to a specified Relative Modulus may be de- 
termined from tables listing corresponding values of 
6, and @, that satisfy the following relationship: 
RM, = (180-2) 
6. (180-6;) 
where R.M. = specified Relative Modulus 
6, = twist angle at room temperature, deg. 
6. = twist angle at unknown temperature, deg. 


Repeated Bend Test 


A measure of Ductility for relatively ductile metals, such 













































































































as silicon steel sheet and strip (A344-52). A specimen 
slightly more than 1 in. wide and at least 6 in. long is 
clamped at one end by a stationary jaw and at the other 
end by a movable jaw under sufficient spring tension to 
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localize the bend. The specimen is bent 90 deg and then 
subjected to continued 180-deg bends until a crack appears 
or rupture occurs. The test result is given as number of 
bends (including the 90-deg bend) to failure. 


Repeated Blow Impact Value 


A measure of ability of a material to withstand repeated 
impacts without failure. A bar specimen is supported essen- 
tially as a simple beam and struck repeatedly and with 
gradually increasing energy by a vertical-falling hammer or 
pendulum until it fractures. Repeated Blow Impact Value 
is the height (in.) of the last drop prior to fracture. The 
three standard specimens (A, B and C, respectively) for 
cast iron (A327-50T) have diameters of 7/8, 1.2 and 2 in., 
and are tested with spans of 4, 6 and 12 in. and hammer 
weights of 12.5, 25 and 50 Ib. First drop height is 2 in. 
and subsequent drop heights represent increments of 1 in. 
Unlike single-blow Impact Tests which measure total energy 
absorbed in sudden fracture, Repeated Blow Impact Value 
measures energy needed for fracture after most of the plas- 
tic deformation has occurred. See also Drop Ball Impact 


] , 
Est. 


Resilience 


A measure of the elastic energy possessed by a material. The 
Detormation Energy of a material subjected to a specified 
stress or strain below that corresponding to its Propor- 
tional Limit. See also Modulus of Resilience. 


Rockwell Hardness 


A measure of Indentation Hardness of a material. An index 
of resistance to surface penetration by a specified indentor 
under specified load. A higher Rockwell Hardness indicates 
a higher Indentation Hardness. For metals (E18-42) a 
minor load of 10 kg is applied and the dial deflection gage 
zeroed. The specified major load is then applied and im- 
mediately removed. Deflection is observed with minor 
load still on. Rockwell Hardness of metals is equal to 
deflection dial reading. For plastics (D785-51) and other 
nonmetallics, two methods are used. Methed B is de- 
scribed under Alpha Rockwell Hardness. In Method A the 
major load is removed 15 sec after the loading lever is 
tripped and the lowest dial reading (corresponding to 
greatest penetration) occurring within 15 sec after load 
removal is observed. Rockwell Hardness (Method A) of 
plastics and glass-bonded mica is equal to dial gage reading 
corrected according to the number of scale revolutions 
involved. For hard rubber a special test is used to determine 
Rockwell Penetration and Rockwell Recovery. Many differ- 
ent loads and indentors are used to provide optimum 
measurements for ranges of hardness and each standard 
combination of load and indentor is represented by a 
different scale designation. Where scales overlap, Rockwell 
Hardness determined on one scale may be converted to 
Rockwell Hardness on another scale by means of a standard 








conversion chart. The two general types of indentor 
Brale diamond indentor, consisting of a 120-deg con 


0.2-mm-rad spherical tip, and the steel ball indent 
f 


16 to Y in. dia. Scale A, with Brale indentor and 


load, is suitable for tungsten carbide and other 

rd materials on which higher loads ight cau 
to the indentor. Scale B, with 1/16-in. ball and 
load is suitable for materials of medium hardnes 
innealed low- and medium-carbon steels Scale ¢ 


Brale indentor and 150-kg load, is suitable for mat 
harder than B100. Scale D, with only 100-kg load, is u 


tor materials where less penetration is desired 


such as 
hardened steel. Scale E, with 14-in. ball and 100-kg lo. 
suitable for soft materials such as bearing metals and 
plastics. Other scales used primarily for plastics are Scale R 
with 60-kg load and 1/-in. ball; Scale L, with 60-kg 
and Y4-in. ball; and Scale M, with 100-kg load 
l4,-in. ball. Many other scales are available but not 
widely used. A modification of the regular Rockwell 
tor metals which utilizes smaller minor and major load 


disc ussed under Roe f ue ll Su pe rfli ial H id ne 


Rockwell Penetration 


A measure of Indentation Hardness of hard rubber. A 
index of resistance to surface penetration by a_ specifi 
indentor under specified load obtained with the Rockwel 
Hardness tester (D530-50T). A higher Rockwell Penetr: 
tion indicates a higher Indentation Hardness. A_ 10-kg 
minor load is applied to the 1-in. ball indentor and 

deflection dial set at B30. The major load of 60 kg is tl 

applied and held for 15 sec, at which time the dial is 1 

Rockwell Penetration is equal to the deflection dial reading 
It is usually reported in conjunction with Rockwell R: 


covery. 


Rockwell Recovery 


) 


In conjunction with Rockwell Penetration of less than 20 
a measure of the extent to which hard rubber recover 
from indentation. After Rockwell Penetration is read fro: 
the Rockwell tester deflection dial, the major load 1s 


diately removed and the specimen allowed to recover 
15 sec, at which time the dial is read again. Rockwell R 
COVETY S equal to the final 1¢ Ae c10n lial ‘Ca ling | 


given Rockwell Penetration. a higher Rockwell Re 


indicates a greater ability to recover from indentation 


Rockwell Superficial Hardness 


netal. An inde: 


+ | cal 1, rir 
inaen 


A measure of Indentation Hardness of a 
of resistance to surface penetration by a specifec 

under a specified load (E18-42). A higher Rockwell Super- 
ficial Hardness indicates a higher Indentation Hardn 
The test is similar to that for regular Rockwell Hardnes 
of metals except that it utilizes lighter loads, enabling 
hardness of thin sections or layers, small parts and ur 


supported sections to be more readily evaluated. Minor load 


is 3 kg and major loads may be 15, 30 or 45 kg. Indentor 
may be Brale (designated ““N"’) or 1/16-in. ball (desig- 
nated “T’’). Each of the six possible combinations o! 
indentor and load is represented by a scale designation 


e.g, 30-] 


Ross Flexing Machine Test 


A method of determining Crack Growth Resistance 0! 
rubber (D1052-52T). The specimen is a 6xixl4-in. rec 
tangular strip with a 0.10-in. cut in one edg: perpendicula: 
to the flexing direction. In the Ross-Flexing Machine the 
strip is clamped at one end and held free between roller 
at the other end in such a manner that the pierced area 
bends through a 90-deg angle over a 3/8-in. rod at 100 
cpm. Length of the developed crack is measured frequent!) 
The test continues until the cut is 0.6 in., representing 
increase in length of 500%. 


Rupture Strength 


Also called Breaking Strength. The nominal stress d 


MATERIALS & 








METH(C DS 










































































an 


recOvel 


irdt 
ardn 
nablins 


nd ur 
or load 
identor 
(desig: 
ons of! 
mation 
nce Ol 
in. rec: 
diculat 
ine the 
rollers 
-d armed 
at 100 
juent!} 
ting 

















| 
\ A 


—_ > 
in a material at rupture. It is not necessarily equal 


Ultimate Strength 


St. Joe Flexometer Test 
. method of determining Compression Fatigue characte 
tics of rubber. A specimen is placed between paralle} 
ates at 128 F, and an axial compressive load sufficient to 
produce a specified vertical deflection ranging from 0.35 to 
0.80 in. is applied. With specimen and plates rotating at 
875 rpm a second load is applied transversely, producing 
pecified horizontal deflection. Frequent measurements of 
horizontal deflection and horizontal flexing load are made, 
ially until incipient failure occurs. Incipient failure in 
enter of the specimen is indicated by an abrupt drop 
horizontal flexing load without change in horizontal 
flection. Results are given as time and horizontal Hexing 

1 needed for one of several different occurrences: incipi- 
ure; a specified vertical deflection; a specified change 


tical defiection; or complete rupture 


Scleroscope Hardness 
A measure of Hardness or Impact Resilience, primarily of 
etals. An index of the height of rebound of a standard 


mond-tipped hammer falling freely on the part or speci 
from a standard fixed height. Scleroscope Hardness 


ead on an empirical scale on which 1090 represents the 

rage for quenched high-carbon steel. A higher Sciero- 

ype Hardness indicates a higher Impact Resilience and a 

ver Energy Absorption. A convenient control property 

somewhat limited significance and one that is greatly 
aftected by variations in surface roughness. 


Secant Modulus of Elasticity 


Also called Stress-Strain Ratio. See Modulus of Elasticity. 


Shear Modulus of Elasticity 
Also called Modulus of Elasticity in Shear and Modulus 
Rigidity. The tangent or secant Modulus of Elasticity of 
material subjected to shear loading. See Modulu; of 


gidity. 
Shear Strength 


he Ultimate Strength of a material subjected to shear 
ading. The maximum Shear Stress that can be sustained 
a material without rupture. It may be obtained from the 
rsion Test, a modified Flexure Test or the Shear Test. 
the Torsion Test it is equal to Torsional Strength. In 
Shear Test, it is calculated by substituting maximum 
stained load for P in the punch test formula for Shear 
ss. It may be calculated in the Flexure Test by sub- 


ting maximum sustained load for P in the flexure 
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formula for Shear Stress. For Shear Stress to exceed Flex 


ural Stress in a Flexural Test, however, the span of a rec 


tangular specimen must be less than half the square of its 

’ , | 
thickness and tne span OF a cylindrica specimen ust pe 
less than one-third its diameter 


The 
} 


terial subjected to a specified load. In the Torsion Test, it 


Shear Stress 


not! nal MaxXla St evi 


calculated as Torsional Stress although the assumptions 
underlying the formula for Torsional Stress are not valid 
for stresses above the Elastic Limit. In the Shear Test 


Shear Stress (psi) 1s calculated as follows 


Pp 
S 
Tdt 
where S,; = Shear Stress, psi 
P = punch load, Ib 
d punch diameter, in 
t specimen thickness, in 


In the Flexure Test, Shear Stress (psi) may be calculated 
as follows: 


0.75P 
Si (for rectangular specimen) 

bh 

0.85P 

7} (for round specimen) 
where S, maximum nominal Shear Stress, psi 

P bending load, Ib. 
b specimen width, psi 
h specimen thickness, psi 
d specimen diameter, psi 


Shear Test 
A method of determining ability of a material to withstand 
failure when subjected to a shearing load. A small sheet or 
disk of known thickness with a small hole in the center is 
clamped over a pin on a punch of known diameter and 
brought into contact with the corresponding die. A gradu- 
ally increasing load is then applied until the material has 
been completely punched through. Maximum load is ob- 
served and maximum Shear Stress or Shear Strength is 
calculated. For plastics (ID732-46), the specimen has a 


cross section area of 2 sq 1n 


S-N Diagram 


SEE Fatigue i” 


Softening Point 
An indication of the highest practical temperature for heat 
resistant hard rubber subjected to loading (D530-50T). A 
19%4xly-1n. rectangular strip 1/16 in. thick is supported 


5 lb load applied at the center 


as a sin ple be im 
and the deflection gage zeroed. Specimen temperature is 
then increased gradually and frequent measurements of 
deflection and corresponding temperature are made _ until 
deflection is so rapid that measurements are impractical. 
Deflection is plotted against temperature and a tangent is 
drawn to the linear portion of the curve. Softening Point 
is the temperature corresponding to the intersection of the 
tangent and the temperature axis. 


Splitting Resistance 
A measure of ability of felt to withstand splitting (D461- 
51). The Tear Resistance of felt. A 6x2-in. rectangula: 
specimen with a 2-in. longitudinal cut in its center is 
gripped, one lip in each of two jaws, and pulled apart. 
Splitting Resistance (lb) is average load needed for rupture. 


Strain 
The change per unit length in a linear dimension of a body. 
Units: in./in. or %. Strain, as defined above and commonly 
used in connection with routine mechanical tests, does not 
indicate the natural strain actually involved. Natural strain 





is equal to (In 1/l.) where | is instantaneous length and 


l, 1S original length. 
g i 


Strain Relaxation 
An alternate term for Creep used especially for rubber. 






































Strength Reduction Ratio 


See Fatigue N ICD F ictor 


Stress 
The load on a material divided by the original area of the 


cross-section through which it acts. Units: psi. Stress, as 


defined above and commonly used in connection with rou- 
tine mechanical tests, is not a true stress. A true stress 
represents intensity of the internal distributed forces which 
resist a change in the form of a material, and is equal 
to the load on the material divided by the instantaneous 
area of the cross-section through which it acts. 


Stress Concentration Factor 

An indication of the theoretical effect of a notch or othet 
stress concentrator on Fatigue Strength of a material. The 
ratio of the greatest theoretical stress near a notch or other 
stress concentrator to the corresponding nominal stress. Theo 
retical stress may be determined by advanced elastic theory, 
by photo-elastic techniques or by direct measurement of 
elastic strain and use of a known stress-strain relationship. 
The Stress Concentration Factor is usually higher than the 
empirical Fatigue Notch Factor or Strength Reduction Ratio 
because of stress relief that occurs in conjunction with local 
plastic deformation. For a given material, however, a higher 
Stress Concentration Factor indicates a higher Fatigue Notch 
Factor, a lower Fatigue Strength or Endurance Limit, and 
a lower Fatigue Ratio 


Stress Relaxation 
The decrease in stress in a material subjected to prolonged 
constant strain for a specified time in a Creep Test. Stress 
Relaxation behavior is often presented in the form of 
graphs. The simplest graph is a plot of stress vs. time 


From the graph, Stress Relaxation is the difference between 
stress at the specified time and initial stress. Such curves 
can be plotted for several different constant strains at one 
temperature, or for several different temperatures at one 
constant strain, or both. From such charts can be deter- 
mined, for example, the loss in bolting pressure that would 
be caused by Stress Relaxation over a period of several 
days at high temperature. Stress Relaxation Rate can also 
be determined. 


Stress Relaxation Rate 
The rate (psi/hr) at which Stress Relaxation occurs. It is 
usually obtained from a log-log plot of Stress Relaxation 
vs. time. Stress Relaxation Rate at a specified time is equal 
to the slope of the tangent to the curve at that time. Aver- 












} 


age stress Relaxation Rate over a specified period of 


is equal to the difference between Stress Relaxation 





beginning and end of that period divided by the 

of time encompassed by that period. Where Stress R 

tion data are available for several different temper : 
ind ynstant strains, a graph of Stress Re xation Rat 

specified time vs. initial stress for various ten 

sometimes plotted. Such a graph indicates th 

of both temperature and initial stress on Stress Relax 1 


Rate. For any material in which Stress Relaxation « 
more slowly during an intermediate period than at 
beginning or end of a test, minimum Stress Relax 
Rate can be determined by plotting Stress Relaxation 
vs. time. For metals, minimum Stress Relaxation Rate 
responds to the slope of the approximately linear ¢ 
representing second-stage Stress Relaxation. From Str 
Relaxation Rate can be predicted the decrease in stress 
will occur over a specified period of time. Alone it prov 
no information on accumulated Stress Relaxation at 
time. However, total Stress Relaxation at any time can 
determined from Stress Relaxation Rate if the amount « 
stress corresponding to the intersection of the Stress R 
laxation Rate tangent and the 0-time axis is known. It 
calculated by subtracting from this stress the product 
Stress Relaxation Rate and total specified time 


Stress-Rupture Test 


A method of determining ultimate load carrying ability 
material as a function of duration of loading. For 


it is considered as part of the Creep Test. For 


(E85-50T) it is sometimes called the ‘rupture tensior. te 
Specimens for both metals and plastics are similar t 
4 
a 
- - ~ = 
me ™ >. 

used in the Tension Test. At a specified 
ture the specimen is subjected to a specified const 


tensile stress or load and 


neasurements OF time and 


gation made until rupture occurs. Elongation and Reduct 
of Area may be determined as in the Tension Test. Cr 
data can be developed exactly as in the Creep Test 

that since initial stresses are generally higher in the Str 
Rupture Test it may be necessary to distinguish not 
between Creep and elastic strain but also between Cr: 
and instantaneous plastic strain. Stress-Rupture data 
often presented in the form of a semilog or log-log 

of stress vs. time for rupture. Stress-Rupture data for 
specified temperature are sometimes summarized as rupture 
stress for 10, 100, and 1000 hr, plus Elongation at rupture 
Where data for metals are available up to 2000 hr, rupture 
stresses for longer service times cen often be determined 
by careful extrapolation of the approximately linear Stress 
Rupture curve. Stress-Rupture curves can be plotted for 
several different temperatures and Stress-Rupture data f 
intermediate temperatures determined by interpolation, but 
data at temperatures beyond the test range cannot be de- 
termined by extrapolation. 





Stress-Strain Diagram 


A graph on which is plotted stress vs. strain. Suc! 
graph may be constructed in any test during which [© 
quent or continuous measurements of both stress and strain 
are made. It is commonly constructed for the Compress:00 
Tegsion and Torsion Tests. It is usually necessary for 
determination of Deformation Energy, Elastic Limit, M: 
lus of Elasticity, Modulus of Rigidity, Proportional | 
and Yield Strength. It is often useful in determinati: 
Elongation, Modulus of Rupture, Ultimate Strength 


c 
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related properties. Analogous to the Stress-Strain Dia- 


are the Torque-Twist Diagram and the Load-Defl 


Diagram 


Stress-Strain Ratio 
tio of stress to strain in a material at a specine 
l train Below the Elast mit it 1s LS¢ kno 


ant Modulus of Elasticity 


Tangent Modulus of Elasticity 


fee M dulus oy Ela kicity 


Tear Resistance 
measure of resistance of sheet or film materials to rup- 
ire by tearing. Not to be confused with Breaking Strength. 
A longitudinal specimen with an initial cut or notch is 
ipped at both ends and torn apart by one of several 
methods. The specimen for plastic film (ID1004-49T) is a 
ix34-in. rectangle with a deep 90-deg notch and is 
tretched under constant rate of extension or loading, as 
specified. Wulcanized rubber sheet (D624-48) is pulled 
apart by parallel grips and maximum load is observed. 
[Three different specimens are used; type A is crescent- 
shaped with a small razor nick, type B is similar with the 
addition of tab ends, and type C is not nicked but is in 
the shape of a 90-deg angle. For plastics or vulcanized 
rubber, Tear Resistance (lb/in.) is calculated by dividing 
naximum load prior to rupture by thickness. For other 
terials it is usually expressed as load (lb or g) needed 
tear a specified specimen. Woven (D39-49) and rubber 
ated (ID751-52T) fabrics may be tested by a “trapezoid 
od. An isoceles trapezoid of 3-in. height and 1- and 
bases is marked on a 6x3-in. rectangular specimen 
a small cut is made in and perpendicular to the 
aller base. The specimen is gripped along the non 
rallel sides of the trapezoid and pulled apart and maxi- 
load is observed. Woven fabrics may also be tested 
the “‘tongue’’ method. A 3-in. longitudinal cut is made 
one end of an 8x3-in. rectangular specimen, the two 
ngues are gripped and pulled apart, and maximum load 
bserved. Rubber-coated fabrics, untreated electrical in- 
ing paper (D202-53T), and vulcanized fiber may be 
yy the “pendulum impulse’’ method. The specimen is 
tangle with an 1.8-in. slit in the middle. It is 
1 by one stationary jaw and one movable jaw carried 
a pendulum, and a value proportional to the energy 
1 by .the pendulum to tear the specimen is indicated 
1 scale. Tearing load may be calculated by multiplying 
eading by 16 (for grams) or dividing scale reading 


28.6 (for pounds). See also Splitting Resistance 


é& 


Tearing Strength 


An alternate term for Tear Resistance. 


Tear-Length 
A measure of drawability of metals. The height of a tri- 
ingular tab torn from the edge of a metal sheet. Two 
small, parallel slots are cut in the edge of the sheet and 
rpendicular to it. The tab thus formed is gripped and 
torn from the sheet. The variation in the height of tri- 
ingular tabs torn in different directions is an indication of 
tystal orientation, the tabs in the direction of orientation 
ing longer. The extent to which this difference exists is 
n indication of the difficulty to be expected in drawing 
uform shapes. 


Temper Test 
method of determining the relative temper of thin rolled 
nc sheet (B69-39). A rectangular specimen about 5x11/, 
is inserted in a circular vise which is then rotated so 
at the projecting portion of the specimen is bent back 
sainst the vise mandrel by a contact arm. As the specimen 
isses the end of the contact arm it springs back toward its 
iginal position. Temper is reported as extent of specimen 
Overy indicated by a semi-circular scale graduated in 
cent from 0 to 100, where 100 corresponds to complete 
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recovery. Effect of initial coil curvature is eliminated by 
testing two Spe LneCcns in reve©rsé positi ms and ave! iping 


results 


Tensile Modulus of Elasticity 


Also alled Modulu of Elasticity in Tension and often 
Modulu f | ticity. The tangent o1 nt Mc 
Elasticity of a terial [ension | l 

re lationship between Tensile Stress and Tensile Strain 


Tensile Strain 
The strain corresponding to a specified stress in the Tension 


Test. 


Tensile Strength 

The Ultimate Strength of a material subjected to tensile 
loading. The maximum Tensile Stress developed by a ma- 
terial in the Tension Test. It is calculated by determining 
the Tensile Stress corresponding to the maximum load 
observed in the Tension Test. For ductile metals Tensile 
Strength of a material is usually greater than its Breaking 
Strength, but is well below the maximum true stress de 
veloped by the material. Tensile Strength is a common 
index for strength comparison of materials. It may be 
directly useful in design where some plastic deformation 1s 
permitted, but Yield Strength is the common basis fot 
elastic design. Tensile Strength may also be some indication 
of allowable severity of hot and cold working processes. 


Tensile Stress 
Sometimes called Modulus. The nominal stress developed 
by a material subjected to a specified stretching load, as in 
the Tension Test. Above the Elastic Limit, nominal Tensile 
Stress is considerably lower than the true stress because it 
does not reflect the decrease in cross-section area accompa 
nying continued deformation. 


Tensile Yield Strength 
The Yield Strength of a material subjected to stretch 
loading, as in the Tension Test. Tensile Yield Strength 1s 
usually referred to simply as Yield Strength. For metals, 
Tensile Yield Strength is one of the most important struc- 


tural design properties and may also be some indication of 
relative formability. Alone, it is not a satisfactory index 


to the perrormance ra teria inder su len repeate 1 O! 


multiaxial loading. 


Tension Set 
The extent to which vulcanized rubber is permanently de 


} 


formed after being stretched a specified amount for 
. I 


short 
time. A Tension Test specimen is stretched slowly to pro 
duce the specified extension of a measured gage length 
The extension is maintained for 10 min at which time 
load is released quickly and the specimen allowed to relax. 
Gage length is measured again 10 min after load removal 
Tension Set (%) is the Permanent Set calculated by 
dividing difference between final and initial gage lengths 
by initial gage length and multiplying by 100. A special 
value, Tension Set at Break, is sometimes determined. 


Tension Set at Break 

A special value of Tension Set. A measure of the extent to 
which vulcanized rubber is permanently deformed at rupture 
in a Tension Test. The two pieces of the ruptured specimen 
are allowed to rest 10 min, at which time they are fitted 
together and final gage length is measured. Tension Set at 
Break (%) is Permanent Set calculated in the same way 
as Tension Set. 


Tension Test 
A method of determining behavior of a material subjected 
to axial stretch loading. A longitudinal specimen with a 
reduced section of known diameter and measured gage 
length is gripped at both ends and stretched at a slow, con- 
trolled rate of extension to rupture. Usually, frequent or 
continuous measurements of load and extension are made, 
Tensile Stress and Strain calculated and a Stress-Strain Dia- 
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gram constructed. From the test and the diagram may be 
calculated Elastic Limit, Elongation, Modulus of Elasticity 


Proportional Limit, Reduction of Area, Tensile Strength 


t 
Yield Point. Yield Point Elongation and Yield Strength 
For metals, the Tension Test is sometimes conducted at 
ited te t S ) F (I $4) Plastics 
teste t bot ubn ind iormal | t 
(1ID759-48 ) Specimens for metals vary widely, depending 


on size and form of the material. The three most common 
are the flat plate specimen with 11/-in.-wide reduced section 
and 8-in. gage length, the flat sheet specimen with 1-in.- 
wide reduced section and 2-in. gage length, and the round 
specimen with a slightly tapered 1/2-in.-dia reduced section 
and 2-in. gage length (E8-52T). Proportionate round bars 
of different sizes are sometimes used. Round wire and rod 
are uSually tested in full cross section with 10-in. gage 
length. Wire, rod and bar of non-circular cross section may 
be tested in full or proportionately reduced cross section 


Tube may be tested full size or by means of a cut-out flat 
or round specimen. Various modified round specimens aré 
used for cast iron, malleable iron and die castings. For 
electrical porcelain (D116-44) the specimen is cylindrical 
with a straight reduced section 1 in. long and 1!-in. dia 
tapering up to an overall diameter of slightly more than 13/4, 
in. Specimens for plastic sheet, plate and moldings (D638- 
52T) and compression-molded glass-bonded mica are rect- 
angular blocks of various widths. The specimen for sheet 
electrical insulating material (D229-49) is rectangular with 
a section of reduced width. Specimens for rigid or lami- 
nated (D348-52) tube and laminated rod (D349-52) have 
lc 


+7 


a straight reduced section ; in. long where wall thickness 
or diameter is 60% of the nominal. The flat specimen for 
injection-molded glass-bonded mica and other molded elec- 
trical insulating materials (D651-48) has a section reduced 
in both width and thickness. Thin plastic sheet and filn 
(D882-49T) may be tested either at constant extension rate 
or at constant loading rate, as specified. The specimen is 
rectangular, about 3-4 in. long and 3/16 to 1 in. wide. A 
correction must be applied to extension measurements made 
under constant loading rate. Breaking Strength is some- 
times reported rather than Tensile Strength. For vulcanized 
rubber (D412-51T) and the larger sizes of nonrigid poly- 
vinyl tubing (D876-52T), a flat rectangular, dumbbell or 
ring specimen may be used. The dumbbell specimen has a 
straight reduced section usually about 114 in. long. The 
ring specimen is looped over rollers for the test. The 
smaller sizes of nonrigid polyvinyl tubing are tested as 
tubing. The hard rubber specimen (D530-50T) is flat and 
rectangular with a 3-in. straight reduced section 1/)-in. 
wide. Ordinarily, only Tensile Strength and Elongation are 
determined for rubber. A dumbbell specimen with a re- 
duced section about 214 in. long is generally used for com- 
pressed asbestos sheet (D733-53T). 


Tension-Impact Test 
An Impact Test for determination of Energy Absorption in 
fracture of a material. A cylindrical specimen with a re- 
duced section is supported at one end and ruptured by a 
sudden axial tensile load applied to the other end. The 
apparatus may be arranged so that the specimen is fixed to 
the pendulum and the free end catches on stationary sup- 
ports, or so that the specimen is held by stationary supports 



























































and its free end is caught by the pendulum. Test 
must be adjusted to account for energy dissipated in 
auxiliary fixtures. A variety of specimens are used 
i17T). The reduced section may be straight and rel 


long ( [Types | and V ) as 1n the Tension lest ext 
hort, amounting to a notch (Types W and U) 
and tapered to a in! 


] rt} 


+ 


the center (Type X) T 


Torque-Twist Diagram 
A graph on which is plotted torque (in.-lb.) vs 
sponding Torsional Deformation as measured in the Ty 
Test. It is usually necessary for determination of Per T 
nent Torsional Deformation and is often useful in 
mination of Maximum Torsional Deformation. Other t 
sional properties are more readily determined fro 
Stress-Strain Diagram which may be constructed fr T 
Torque-Twist Diagram by substituting equivalent Tors 
Stress for torque and equivalent Torsional Strain for 7 
sional Deformation. 


Torsion Test 
A method of determining behavior of a material subject 
to twisting loads. A cylindrical specimen with a straig 
reduced section and longitudinal gage mark is _ twiste| 
axially to rupture. For cast iron (A260-47) the straig 


reduced section is 34 in. dia and about 5 in. long. Some] 
times a thin-wall tubular specimen is preferred since 
can then be assumed to be essentially constant throughou'| 1 
the cross section. Frequent measurements of torque and 

angle of twist are made during the test, and values 
Torsional Deformation corresponding to total angles of t 


are determined. A Torque-Twist Diagram may be plott 


~ 
4 wist 
a. ’ i 
A 
~ + | 
i | 7 
* a 
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j 
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or an analogous Stress-Strain Diagram derived fron 
measurements. Properties that can be determined fro 
Torsion Test include Elastic Limit, Maximum Tors! 
Deformation, Modulus of Elasticity (or Modulus of Rig 
idity), Proportional Limit, Torsional Strength, Yield Pou 
and Yield Strength. The Torsion Test is sometimes us 
in preference to the Tension Test for brittle materials. It 
required by few specifications. For large strains, torsi 
data are considered more valid than tension data and torsi0 
data are often used in the solution of certain mechanica 
design problems involving shear ioading. A special limite 
Torsion Test may be used to determine an Apparent Mod 
lus of Rigidity for plastics. See also Twisting Test. 


Torsional Deformation 
The angular twist of a specimen produced by a specif 
torque in the Torsion Test. Torsional Deformation (1 
dians/in.) is calculated by dividing observed total angulé' | 
twist (the twist of one end of the gage length with respec 
to the other) by original gage length. 





Torsional Deformation, Maximum 
A measure of the greatest extent to which a material cao 79 
be twisted without rupture. The Torsional Deformation # 
rupture in the Torsion Test. : 


Torsional Deformation, Permanent 
Also called Permanent Angle of Twist. The Torsional D 
formation that remains when load is completely ren 
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est a specimen subjected to a specified torque in the 
if | n Test. The Permanent Set in Torsion. On a Llorque 

Diagram it is equal to the intersection with the 

r nal Deformation axis of a line drawn through the 
ext a ket 4 ' 

‘ ' if the speci 1@~d torque na parallel » tne straignt 


Torsional Modulus of Elasticity 
’ o called Modulus of Elasticity in Torsion, Shear Modu 


of Elasticity Modulus of Elasticity in Sheat and 


' lus of Rigidity See Modulu f Rigidity 
he J 

of Per Torsional Strain 

- strain corresponding to a specified torque or Torsional 
Other 1 Stress in the Torsion Test. It is calculated by multiplying 
1 fre rrsional Deformation by specimen radius (in.) 

. = Torsional Strength 

lors called Modulus of Rupture in Torsion and, sometimes, 
b for 3 Shear Strength. A measure of the ability of a material to 

withstand a twisting load. The Ultimate Strength of a 
aterial subjected to torsional loading, as in the Torsion 

subjecte:| fest. The maximum Torsional Stress that can be sustained 
a straig : by a material without rupture. It is calculated from the 
is twiste} rmula for Torsional Stress where T is maximum torque. 
e straight For a part of known dimensions, maximum allowable 
ng. Some] rque can be calculated from Torsional Strength by means 
ince stres| f the same formula 

nroug Torsional Stress 

or cot he Shear Stress developed by a material subjected to a 
alues : ae , 


l ¢ 
LIie< 


torque in the Torsion Test. It is calculated as 


ni re 
I Lc 
S 2 
S Torsional Stress. psi 
I torque, in.-lb 
c distance from axis of twist to outermost fiber 
of specimen, 1n. 
J polar moment of inertia, in. 
solid cylindrical specimens, ] 1/32 a7 d‘, where d is 
er (in.) and the formula is 
16] 
S 
oad 
tubular specimens. ] 1/32 w (d.°—d,*), where d 
diameter and d,; is inner diameter, and the formula 
16 | ] 
S 
ron GT (d d ) 
ay ist iron, where the specimen has been standardized. 
Fave! formula can be simplified as follows 


ts) 12.1 T 


ield Pot ional Stress as calculated above is not a true stress 
imes us ve the Proportional Limit, since the formula assumes 
jals. It oportionality of stress and strain, but it is accepted as prac- 
5 teal il and convenient. 


nd torsion 


Torsional Yield Strength 
the Yield Strength of a material subjected to twist load- 
ng, as in the Torsion Test. An offset of 0.001 radians/in. 


nechanica 
al limite 





-nt Mod (0.0375% for a ¥%4-in. specimen) is standard for cast iron. 
Toughness 
resistance of a material to failure under dynamic load- 
speci ¢ conditions. A property most commonly represented by 
ition (1 'nergy Absorption measured in an Impact Test. A higher 
il ang a ergy Absorption indicates a greater Toughness. The term 
th respec itch Toughness” may also refer to effect of a notch on 
‘gue properties. A higher Fatigue Notch Factor indicates 
greater notch Toughness. 
terial cao PS Tr 


© ‘sition Temperature 


matu temperature or approximate temperature range above 
ich certain steels exhibit ductile fracture and below 
ich they exhibit brittle fracture in an Impact Test. 
ional D , tgy Absorption is determined for a series of tempera- 
reme ve s, usually in the normal atmospheric range, and plotted 








s the tempera 


against temperatur¢ [Transition Lemperature 


ture Or range of temperature (if iny ) it which Energy 


drops suddenly. Transition Ten 


Absorption Maximum 
tf 


| 
perature is sometimes specihed for control oO! I 


acceptance Ol 


ms: ' 
ferritic steels which are particularly susceptible to this 


temperature effect. 


Transverse Bend Test 
An alternate term for Flexure 
Not to be confused with Bend Test 


Test employed particularly 
with cast iron. 


Twist, Maximum or Permanent 
See Torsional Deformation (Maximum or Permanent). 


Twisting Test 

A method of determining relative strength 
Either “continued 
The wire is gripped by two jaws, one stationary and 


and Ductility of 


wire. or ‘“‘reversed’’ torsion may be 


used 


one free to rotate, about 8 in. apart. In continued twisting, 





aint.) 


rotated until the wire fractures and 


number of rotations is reported. In reversed twisting, the 


the movable jaw is 


movable jaw 15S rotated back and forth a spe ified amount 


fractures anda the number of forward 


until the wire 
reverse twists 1s reported 


Ultimate Elongation 


An alternate term for Elongation terial at rupture 
in the Tension Test 

Ultimate Strength 
The nominal maximum stress that can be sustained without 
rupture by a material subjected to a specified type of load 


ing. It may be Compressive Strength, Flexural Strength, 


Shear Strength, 
Where type of loading is not specified, it 


Tensile Strength or Torsional Strengtl 


Tensile Strength. 


Vickers Hardness 
See Diamond Pyramid Hardne 


Wrapping Diameter 
A measure of Ductility or windability of wire. The mini 
mum diameter upon which metal wire can be wound with 


out fracture. 


Yerzley Mechanical Oscillograph Test 

A method of determining certain mechanical properties of 

vulcanized rubber that are useful in selection and design of 
vibration absorption (D945-52T). Either 
compression or shear loading may be used. The compres- 
sion specimen is a disk about 34 in. dia and 4 in. thick. 
The shear specimen is a rectangular sandwich consisting of 
two blocks about 4xl4x% in. adhered 
jecting metal plates (shear load is applied transversely to 
metal plate). The 
loaded through the short arm of a balance lever, the long 


materials for 


between pro- 


the edge of the center specimen is 


end of which is connected to a pen that records deflection 
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on a chronograph chart marked off in 1/10-in. squares. 


Load is applied by means of a series of weights (each pro- 
lucing a force of 8.82 lb on the specimen) added to the 
Ss 
“ 
pen arm of the beam. The specimen is conditioned by 


deforming it about 30% by hand three times. A static load- 
ing graph is obtained by adding the weights one at a time 
and advancing the chronograph by hand one small division 
(a double scale is used for shear) after each weight except 
the last. After 50% deflection is reached, the chart is re- 
versed one division and all weights removed one at a time, 
the chronograph being reversed one division after each 
removal. From the stepwise graph may be constructed a 
Load-Deflection Diagram. The number of weights needed 
to produce 20% deformation is estimated from the step- 


| 


wise curve and the beam (disengaged from the specimen) 
loaded accordingly. Equilibrium is checked by engaging the 
loaded beam several times until a vertical deflection line of 
reproducible length is produced on the graph. The chrono- 
graph is then set in rotation at 1 in./sec, the full load en- 
gaged once more, and the resulting oscillograph curve 
recorded. Sometimes Permanent Set is measured at the con- 
clusion of the test. From the Load-Deflection Diagram and 
the oscillograph curve can be calculated Creep, Deformation 
Energy, Effective Dynamic Modulus, Kinetic Energy in Elas- 


tomeric Spring, Static Modulus, and Yerzley Resilience. 
Yerzley Resilience 

A measure of elasticity of rubber obtained from the Yerz- 

ley Mechanical Oscillograph Test. Yerzley Resilience (%) 


is calculated by dividing vertical height of rebound of the 
first cycle of the oscill ph curve bv vertical height of 
fall in the first cv 
Yield Point 
An indication of the maximum stress that can be sustained 
without plastic deformation by a material subjected to a 
Jf 
A WA 
| 
tr Vif > 


specified type of loading. It is obtained from a static test, 
such as the Compression, Flexure, Tension or Torsion Test, 
and is equal to the stress at which the material undergoes 
a marked increase in strain without a corresponding in- 
crease in stress. On a Stress-Strain Diagram, Yield Point is 
indicated by the top of a sharp “knee’’ portion in the curve. 
Load corresponding to Yield Point can also be determined 
from observations of loading or straining behavior during 























































the test itself. In the “drop of beam’’ method, the ma: hine 
yperator runs the load poise out slightly beyond the b 
position. At Yield Point load the bear irops for a 


but observable period or time With self-indi ating 


measuring equipment, Yield Point load is marked 
iden halt P ti load-indicating } te! y ld Pi 
the load at which there 1s idden increase 1n 
Elongation as shown with dividers on the gage length 
means of an extensometer. The Yield Point most 


monly determined is Yield Point in the Tension Test 
steels. Many materials do not exhibit the Yield |] 
phenomenon. For such materials, Yield Strength is 


closest comparable property 
Yield Point Elongation 
A measure of Ductility of a material. The strain or |] 
gation corresponding to the Yield Point 
Yield Strength i. 


A measure of resistance to plastic deformation of a mat | 
rial subjected to a specified type of loading. The stres 

which a material exhibits a specified limiting permanent 
deformation. A practical approximation of Elastic Limit 
Yield Strength is usually determined by one of two commor 
methods: “‘offset’’ or “strain under load”. Offset Yield 
Strength is determined from a Stress-Strain Diagram; it 





the stress corresponding to the intersection with the curv 
of a line that is parallel to the straight-line portion of t! 
urve and intersects the 0-stress axis at a strain equal t 


Whi 


l 
tr bel . , . L , Treald Strenct 
stress-strain behavior of a material is known, Yield Streng 


, 7¢ 


specified offset. Offset is usually specified as 


may be given as the stress corresponding to a specifi 
strain, a quantity that can be determined by direct measure 
ment and without a Stress-Strain Diagram. This method 
used primarily in determining Tensile Yield Strength 
copper and copper alloys. Specified deformation is 0 
extension under load which corresponds to an offset 
about 0.35%. Without a Stress-Strain Diagram, howe 
Yield Strength at a specified offset cannot be compared wit! 
Yield Strength at a specified strain under load with 
degree of certainty. Yield Strength may also be determined 
as the stress required to produce a specified Permanent Set 
but this method involves trial-and-error procedure and 1: 
seldom used. Depending on type of loading involved, Yield 
Strength may be known as Compressive Yield Strength 
Flexural Yield Strength, Shear Yield Strength, Tensilt t 
Yield Strength or Torsional Yield Strength. Yield Strength, | 
alone, is generally assumed to refer to Tensile Yield 
Strength. 





Yield Strength Elongation 
A measure of Ductility of a material. The strain or Elon- 
gation corresponding to the Yield Strength. 





Young’s Modulus 


An alternate term for Modulus of Elasticity. 
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Properties of Free Cutting Steels 


ape 


e steels are particularly adapted to automatic screw machine production of small repetitive parts. 
_ as dictated by design, are the chief requirements. 


The ideal application is one where bulk 





AISI Grade 


Nominal Properties 


B-1111 
C-1211 


B-1112 
C-1212 


B-1113 
C-1213 





COMPOSITION—% 






PHYSICAL PROPERTIES 
Density, Lb/Cu In. 
Thermal Cond, Btu/Hr/Sq Ft/Ft/F, @ 212 F 
Coeff of Exp per F: 70-1200 F 
Spec Ht, Btu/Lb/F: 
Elect Res, Microhm-Cm @ 68 F 





MECHANICAL PROPERTIES 
Mod of Elasticity in Tension, Psi 
Tensile Str, 1000 Psi: 

Cold Drawn 9/16-in. 
1-in. 
2-in. 

Yield Str, 1000 Psi: 

Cold Drawn 9/16-in. 
1-in. 
2-in. 

Elongation in 2 in., %: 

Cold Drawn 9/16-in. 

1-in, 
2-in. 

J: 

16-in 
1-in. 
2-in. 


dia 
dia 
dia 


dia 
dia 
dia 


dia 
dia 
dia 
Reduction of Area, 
Cold Drawn 9 dia 
dia 
dia 
Hardness, Bhn: 
Cold Drawn 9/16-in. 
1 -in. 


2-in. 


dia 
dia 
dia 
mpact Str 


Fatigue Str (End Limit) 


vith any 
ermined 













rent set 
- and is 
d, Yield 


strength, 


Tens! 


strength, 


e Yiel 


or Elon- 


THERMAL TREATMENT 


Tempering Temp, F 


le 


FABRICATING PROPERTIES 


ichinability Index 
Speed, SFM ‘Srarage 


AILABLE E FORMS 





Case Hardening Temp, F (Quench in water or oil) 


C 0.13 max 
Mn 0.60/0.90 
P 0.07/0.12 
S 0.08/0.15 


C 0.13 max 
Mn 0.70/1.00 
P 0.07/0.12 
S 0.16/0.23 


C 0.13 max 
Mn 0.70/1.00 
P 0.07/0.12 
S 0.24/0.33 
0.283 
27 
8.4x10 


0.10-0.11 
14.3 


0.283 
27 
8.4x 10-6 
0.10-0.11 
14.3 


0.283 
27 
8.4x 10% 
0.10-0.11 
14.3 


od 


29 x 105 29 x 10° 29 x 10° 
110 
105 


90 


85/110 
80/105 
70/90 


85/110 
80/105 
70/90 


85 
80 
70 


75/100 
70/90 
85 


75/100 
70/90 
60/85 


75/100 
70/90 
60/85 


10/20 
12/22 
10/20 


10 
12 
10 


20 
2/22 
10/20 
30 


35 
30 


30/50 
35/55 
30/50 


30/5 
35 
30 


50 
55 
50 5( 
B90/B102! 
163/229 


B90/B102! B90/B102! 
163/229 163/229 

149/202 149/202 149/202 
These grades have relatively low impact strength at low temperature and should not be 


used for shock loading applications at sub-zero temperatures. 


As cold-drawn, these steels are notch-sensitive. Polished fatigue specimens will show 
sls for Vv alues but poor finishing or processing of parts may cause low and erratic re- 
sults for finished parts under dy namic or alternat ing stresses of relatively low intensity. 


1450/1700 1450/1700 1450/1700 
300 300 300 
These grades case hardened for high surface hardness and good wear resistance where 
core Properties are not important. Case hardness Rockwell C 60-C 65. 


These steels not recommended for operations invelvi ing cold metal movement such as 
crimping, forming or bending. 


100 125 


Cold dou n shapes. 





‘Seode nuts, nua. ieee: onliem: spacers, deain: orn nenilied, ate. etc. 





‘I, B1112, B1113 are Bessemer Steels. 
C1212, C1213 are basic open hearth steels. 


vell Hardness Number, 


rHODS 





Prepared with the assistance of Bliss & Laughlin, Inc. 
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Machinability of tubing is vitally im- 
portant to producers of hollow cylin- 
drical parts. But in the last analysis, 
final production cost is the real deter- 
mining factor. Consequently, choos- 
ing the mechanical tubing that will 
easily machine to the quality finished 
part you demand and also hold final 
cost to the minimum, requires care- 
ful consideration of all the factors 
involved. 


Matching the tubing to your own 
product needs and production equip- 
ment is important. Getting — in the 
tube — as many as possible of the 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Beaver Falls, Pa.— Seamiess Tubing; Welded Stainless Stee! Tubing 
Alliance, Ohio — Welded Carbon Steel Tubing 


For more information, turn to Reader Service Card, Circle No. 311 
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characteristics and properties desired 
in the finished part, is equally impor- 
tant. Finish, heat treatment, toler- 
ances, steel quality, alloy factor—any 
or all of these can be supplied within 
the original B&W mechanical tub- 
ing, to either eliminate or to reduce 
your machining and other production 
operations. 





Because B&W mechanical tubing is 
tailor-made to suit your combination 
of production conditions and prod- 
uct specifications, you win on all 
counts. You'll find that the machin- 
ing characteristics of the B&W tub- 





ee ee 





i 
































ing you select make it particularly | 


suitable for your type of machine 
tool. Since you start with the desired | 
properties, your production time and 
costs are pared to the bone. 


B&W Regional Sales Offices, together 
with a nationwide network of B&W 
Distributors, are always prepared to 
serve you. You'll find Mr. Tubes — 
your link to B& W—always available 
to provide unbiased assistance in 
meeting your specific mechanical tub- 
ing requirements. 
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MATERIALS & METHODS al 


Number 278 
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Strengths r American Woods 


yod has a number of qualities to recommend it. It is readily workable with simple tools and can be cut at high speeds with low power 


= eee panto ts 
. 
nee 
ae 
ee ae 
—aparapee 
ie cee 
eee 


mption by machine tools. On the average, wood is about 4 as heavy as magnesium, the lightest structural metal. It has good strength pat 

inder compression loading. The greatest disadvantage of wood is its tendency to change moisture content with resulting dimensional 

; Other Sah antages, common to natural organic products are lack of uniformity, poor abrasion resistance and highly directional strength. 

e tensile strength of a piece of wood parallel to the grain is about 40 times that perpendicular to the grain. Compressive strength parallel 

e grain is three to ten times that perpendicular to the grain. Because of these directional properties, it is necessary to consider the relation- 
between direction of application of the load and grain direction of the wood in designing. 

















Compression, Max 
Static Crushing Str 
Bending 
Spec Stress at 
Gravity Prop Limit, Parallel Perpendicular 
psi to Grain, to Grain, 
psi psi 

White Ash 0.60 8900 7410 1410 
Basswood 0.37 5900 4730 450 
Beech 0.64 8700 7300 1250 
Yellow Birch 0.62 10,100 8170 | 1190 
Cottonwood, northern black | 0.35 5300 4420 370 
Elm, rock 0.63 8000 7050 | 1520 
Sweet Gum, red 0.49 8100 5800 860 
Tupelo Gum 0.50 7200 | 5920 | 1070 
Hickory, bigleaf shagbark 0.69 8900 8000 2220 
Black Locust 0.69 12,800 10,180 2260 
Maple, Sugar 63 950 7830 | 1810 
Oak, White 0.68 8200 7440 1320 
Oak, Red 0.63 8400 6920 | 1260 
Poplar, Yellow 40 6100 5290 580 
Black Walnut 0.55 | 10,500 7580 1250 
Willow, Black 0.37 | 3900 3420 480 
Cedar, Port Orford 0.42 7700 6470 760 
Cedar, Eastern Red 0.47 | 3800 | 6020 1140 
Cypress Southern (bald) 0.46 7200 6360 900 
Douglas Fir (coast type) 0.48 8100 | 7420 | 910 
Balsam Fir 0.36 | 5200 | 4530 | 380 
Hemlock (eastern) 0.40 6100 | 5410 | 800 
Hemlock (western) 0.42 6800 | 6210 680 
Pine, eastern white (northern white) 0.36 6000 | 4840 | 550 
‘ine, Longleaf 0.58 9300 | 8440 | 1190 

ne, Ponderosa 0.40 6300 | 5270 740 
Xedwood (virgin) 0.40 6900 6150 860 
pruce, Sitka 0.40 6700 5610 71) 








re air-dried to 12% moisture content (selected from Markwardit and Wilson. U.S Dept. of Ag., Tech. Bulletin 479, 1935). 
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How this 


“S$” Monel Sleeve... 


costs Con Edison 
less than 
plain water! 





At Consolidated Edison’s East River 
Station, they used to replace shaft 
sleeves in the circulating pumps within 
21% years — often sooner. 


And you can easily understand why. 
New York’s East River is both salty 
and sandy. Besides, two sewer trunks 
empty into the river less than 300 feet 
from the pump intake. When that 
gritty, brackish water gets in the gland 
seals, abrasion and corrosion go right 
to work on the sleeves. 


Con Edison’s maintenance engineers 
considered using fresh water in the 
packing gland. The cost of the water 





“‘Machined in the Mold.” All the machining required 
to form the three steps on this “S” Monel shaft was elimi- 


nated by Inco casting specialists. They turned the trick 


in the centrifugal mold itself by using a special carbon 
insert. Result: a shaft sleeve with three different outside 
diameters and a constant inside diameter — as cast! 


practically ruled this out. Then they 
compared the cost of “S” Monel 
sleeves with the price of those they had 
been using. If “S’’ Monel sleeves lasted 
long enough in the salt water, they’d 
more than pay their own way. /t was 
worth a try. 


Did the “S” Monel sleeves work out 
satisfactorily? Here’s the answer in 
Con Edison’s own words: 


“The first of our ‘S’ Monel sleeves 
was installed in 1949. The extra cost 
of a new ‘S’ Monel sleeve — installed 
—is less than the added cost of sup- 
plying plain water to the gland.” 


Inco Nickel Alloys 


For more information, turn to Reader Service Card, Circle No. 324 


Perhaps an Inco Casting—or an | 
Nickel Alloy — can solve a costly se 
vice problem for you. Our 16-pag 
booklet, Standard Alloys for Speci 
Problems, is designed to help you a 
lect the Inco Nickel Alloy best suite z: 
to withstand destructive service conti! = 
tions. Write us for a free copy. 


The International Nickel Company, Int 4 
67 Wall Street New York 5, N. 1.7 





MONEL® * “R’® MONEL © “K’”® MONEL 
“KR’® MONEL * “S’® MONEL * INCONELS 
INCONEL “X’® © INCONEL “W’® 
INCOLOY® * NIMONIC® Alloys * NICKEL 
LOW CARBON NICKEL * DURANICKEL® 
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Materials Engineering File Facts |“ 


Number 279 
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Nominal Compositions of Typical High Strength Heat Resisting Alloys 
and Limited Stress Rupture Data 





Stress to 
Rupture 
psi x 1000 


Chemical Compositions by Weight, % 


Other 100 Hr | 1000 Hr 





at 1500 F 
ST ALLOYS , nate 


61 (HS23) 
HS21 

X63 (GE) 

X40 (HS31) 
L-251 

422-19 (HS30) 
6059 (HS27) 
Refractaloy 80 
HE-2048 
Hastelloy C 
1-1360 
95-M-255 


27.0 | 21 
22 16.( 
26. 20. 
28. . 
28.0 23 
27 21 
23 18 
19 - 
20 14 
18 13. 
45 32 
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ot 1500 F 


WROUGHT ALLOYS TYPE | 
L-605 
1-336 
WF31 
$-844 (V. 36) 
S-816 
25 Ni 
Refractory 
$-590 
N-155 (CW) 
Hastelloy X 
CSA 39 
Hastelloy B 


24 | 17 
25. 17. 
24. 17. 
23. 16. 
24 18 
27 22 
19 15 
19 15 
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at 1500 F 

15.0 
18.0 
18.0 
18.0 
17.0 
11.0 
18.0 


WROUGHT ALLOYS TYPE Il 
K-42-B 
Refractaloy 26 
Nimonic 90 
Waspaloy 
sostly set M-252 
Nimonic 80 A 
Inconel X 
rr Spe lag <7 a ae 
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at 1200 F 


Ip you 3 ERMEDIATE ALLOYS 
est suite G-18-B (CW) 
16-25-6 (CW) 
Discaloy 
py. A-286 

} 17W (CW) 
HS-88 (CW) 
19-9-DL (CW) 


48.0 35.0 
50.0 38.0 
55.0 42.0 
62.0 45.0 
52.0 42.0 
50.0 40.0 
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at 1200 F 

















MONEL 

INCONEL® | 

> From a paper by J. B. Meierdirks, Jr. before AISI regional meeting, Philadelphia, Dec., 1952 
) NICKEL 


CKEL® File Fact replaces one of the same title published in September 1953 (No. 260.) which reported erroneous temperatures for ‘Intermediate Alloys’’ and *‘Other 
ine Alloys’’. ; 
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Lightest-weight © 
metal in 

PLATE and 


SHEET 





Production at the B&P 
Rolling Mill is flexible. 
Do you have special or 
unusual requirements? 
Odd-lot sizes and 
gauges? 













Order from B&P anything you want rolled 
in Magnesium—the easily-lifted-and-car- 
ried but strong, stiff, rust-and-alkali- 
resistant metal. You can count on prompt 
delivery from the B&P Mill, F.O.B. 
Detroit. 


There are many uses for this lightest- 
weight TREAD PLATE: dockboard, yard 
ramps, ladder treads, removable flooring, 
movable ladders and platforms, scaffold- 
ing, many others. 

50° ou 
At your service: ideas and @ » 
designs from the B&P engi- 
neers. Let them work with 
you on Magnesium parts or 
products, including fabrica- © wr, 







tion and assembly. for copy 


BROOKS and 


PERKINS, Inc. 


Pioneer Magnesium Fabricators 


1960 W. FORT ST. * TAshmoo 5-5900 
DETROIT 16 





For more information, Circle No. 357 


138 









How Tempering Affects Corrosion 














( 
@ DESPITE THE FACT that informa- steels are tempered above 90( 
tion on the effect of heat treatment on steels being lowest in resistanc 
the corrosion resistance of 12% chro- tempered at 1000 F. In 0.08¢ 
mium steels has been available for a 0.09% carbon steels, temper 
great many years, many users of these 1400 F restores the resistance to t 
steels continue to employ heat treat- point where it becomes as gi 
ments which seriously impair corro- that of hardened steels temper 
sion resistance and toughness. low 900 F. In 0.10% and 0.11¢ 
The loss of corrosion resistance carbon steels, tempering above 
which hardened Type 410 steels un- F results only in partial recovery 
dergo when tempered at 1000 to _ resistance to rusting. 
1100 F, and their subsequent recov- Many users of Type 410, 
ery of corrosion resistance when tem- them prominent engine builders, spe. 
pered at higher temperatures can be _ cify a hardness of 32 to 38 Rockwel> @, 
demonstrated readily by the use of a | C which necessitates tempering in t! T 
mild corroding agent such as water range 1000 to 1100 F. Evidently t! i 
at 100 F, applied by a method of — corroding conditions in such applic: . 
alternate wetting and drying. tions are sufficiently mild to pern 
After testing, the samples are rated the use of this heat treatment to 
by assigning letters indicating the velop the desired mechanical prop 
relative amount of rust present. Data ties. 
are shown in a table. These data show Although general rusting has | 
that the resistance to rusting in con- been encountered in such part 
densed water vapor at 100 F is very another and even more serious corr ( 
high when the hardened steels are sion phenomenon has been observe q 
tempered at 500 and 900 F. The re- in Type 410 heat treated to 32 to 8) 
sistance to rusting decreases when the Rockwell C, namely, stress corros i 
| 
: 
Steel Compositions—% i 
q 
Steel A: 0.109 C, 0.47 Mn, 0.41 Si, 0.13 Ni, 12.16 Cr, 0.01 Mo, 0.012 Al, 0.03 N : 
Steel B: 0.108 C, 0.47 Mn, 0.32 Si, 0.46 Ni, 12.03 Cr, 0.27 Mo, OO A 5 N : 
Steel C: 0.097 C, 0.49 Mn, 0.22 Si, 0.44 Ni, 12.15 Cr, 0.39 Mo, 0.010 Al, 0.03 N t 
Steel D: 0.08 C, 0.45 Mn, 0.39 Si, 0.13 Ni, 12.04 Cr, 0.47 Mo, 0.053 Al, 0.04 N 
Steel E: 0.082 C, 0.051 Mn, 0.27 Si, 0.56 Ni, 13.06 Cr, 0.18 Mo, 0.008 Al, 0.03 N 
Steel F: 0.092 C, 0.40 Mn, 0.27 Si, 0.14 Ni, 13.28 Cr, 0.59 Mo, 0.024 Al, 0.05 N | 





Effect of Tempering on the Resistance of Type 410 
























Steel A Steel B 
Water _ Water 
Hardness Vapor Hardness Vapor 
Re | Rating | Re | Rating 
1800 F 2 hr, oil 43 — | 42 
1800 F 2 hr, oil; 500 F 1 hr, air 40.5 A, A | 39 A, B 
1800 F 2 hr, oil; 9OO F 1 hr, air 42 A,B 41 | A,B 











1800 F 2 hr, oil; 1000 F 1 hr, air 38 D,D 37 D, D 











N 

/ 
_ 
~ 


1800 F 2 hr, oil; 1100 F 1 hr, air 24 B,C 











1800 F 2 hr, oil; 1200 F 1 hr, air 19.5 i © 19 A,C 






1800 F 4 hr, oil; 1400 F 1 hr, air 11.5 c. & 11.5 B, B 


















Rust Rating: A—dZero to very slight rust. B—Slight rust. C—Appreciable rust. D—Heavy rust. 
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by A. SIMON, Supervisor, Metallurgical 
Lab ratory, Spaulding Works, 
crucible Steel Co. of America 


Laboratory 
ndicated that Type 
ost susceptible to stress corro- 
racking when tempered at 1000 

[his is the same tempering tem- 
perature which imparts poorest corro- 
sion resistance to Type 410 in the 
Falternate wetting and drying tests. 
Sometimes the hardnesses which re- 
quire the use of tempering at 1000 
to 1100 F are not warranted by the 
ultimate uses to which the parts are 

o be subjected, or by the methods of 
} ibricating to be used in the manu- 

facturing of parts. 

‘Mieuhicneeets who use 12% chro- 
mium steels should re-examine their 
determine whether 

ley are getting the most out of their 
steels with respect to corrosion resis- 
the to be 


investigations 
110 steels 


+ alii: ADS 


Pspecifications to 


tance. Among questions 
iISKed are: 

38 Rockwell 
}C in my specification, which necessi- 
Btates ter mpering in the range 1000 to 
81100 F, absolutely necessary ? 

a Can I tolerate a higher or lower 


Is the hardness of 32- 


Bha ay 


an I use a lower tempering tem- 

8 ature and improve corrosion resis- 

even though the hardness is 
tly higher ? 

Can I reach the same hardnes level 
by using a lower tempering tempera- 
specifying a steel of lower 
attainable hardness ? 

Have I taken into consideration the 
that 12 chromium 

corrosion 

red at 1000 F? 


— 


mLAlice 


f. 


ind 
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steels are 
lowest in resistance when 


tem| 


Chromium Steel 


Testing Procedure 


Strips from several commer 
cial heats of Type 410 were 
hardened by an oil quench from 
1800 F. Samples from each heat 
were then tempered for 2 hours 
at 500, 900, 1000. 1100. 1200 
and 1400 F. The samples were 
ground to ¥g in. thick by Y, in. 
wide by 3 in. long test pieces, 
drilled through one end, abrad- 
ed and finished on 120-grit 
belts and degreased in carbon 
tetrachloride vapors. 

Exposure to water vapor was 
carried out in an apparatus con- 
sisting of a large jar in which 
water was heated by an immer- 
sion heater and a vertical glass 
tube 36 in. long arranged with 
one end below the level of the 
water in the jar. Water vapor 
generated by heating the water 
in the jar filled the tube, the 
immersion heater was adjusted 
to cause condensation of ap- 
proximately 24 in. over the 
water level, the temperature be- 
ing 100 F at the point of con- 
densation. Samples which were 
suspended at this point became 
covered with droplets of water. 
The samples were exposed to 
eight cycles consisting of eight 
hours in vapor followed by six- 
teen hours drying. After expo- 
sure for eight cycles, they were 
rated, refinished and re- -exposed 
for a second eight cycle run. 


1 to Rusting in Water Vapor Condensate at 100 F 





| 




















Steel C Steel D Steel E | Steel F 
Water | Water | | Water | | Water 
Hardness Vapor | Hardness | Vapor Hardness Vapor Hardness Vapor 
Re | Rating | Re Rating | Re Rating | Re Rating 
| | | 
39 ee eee oe on 
1.5 A,B 37 A,B 36 | +A,A 34 A,A 
AA | 39 | A, A 37.5 | A,B 36 A, B 
D, D | 3.5 | D,D 32 | cp | 33.5 | ©,D 
C.D | 25 A,C | 23.5 | BB 24.5 A,C 
a¢ 19 «=| B,C 2 ~| +A;,C 17.5 A,B 
| BB | 12 A,B | = 10.5 | AR |. aa A,B 











All 


née ti 
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amples were exposed to 8 cycles consisting of 8 hours wetting followed by drying overnight. 
wo ratings indicate results of first and second runs on same sample. 





means top quality 


| Swepee quality 


Call for ASTM Specification A358- 
52T and rest assured you're getting 
the best obtainable in welded aus- 
tenitic heavy walled pipe. 


Higher stress values 


This specification demands qualified 
operators and rigorously exact pro- 
cedures. It covers every aspect of 
manufacture and insures complete 
quality control. An important ad- 
vantage is that pipe has higher stress 
values in design. 


You buy with confidence 
because it must be right! 


It will pay you to look into this 
spec '—a free copy is yours for the 
asking from SWEPCO, which has 
long been meeting the high stand- 
ards set by this and other codes 


Swepco pipe, tubing and 
welding fittings, 3’ to 
48” O.D., are obtain- 
able in stainless steel, 
nickel alloys, titanium, 
Carpenter “20”, Hostel- 
loy alloy, other alloys. 
Lengths up to 20 feet; y 

extra heavy schedules TODA . 
and with high cylinder 

finishes. 


Stainless Welded Products 


INC. 
JERSEY CITY 2, N. J 
Tel.: HEnderson 5-0123 
Distributors in Principal Cities 






Stainless Welded Products, Inc. 

246 Cornelison Avenue, Jersey City 2, N. J 
Please send copy of ASTM 
specification A358-52T. 

Please send illustrated Catalog 
and Engineering Data Tables 





Nome & Title 





Company 





Street 


State 





Zone 


For more information, Circle No. 504 
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GET MORE HOURS OF SERVICE FROM 


Thermalloy* radiant tubes 


Make Electro-Alloys your source if you want 
radiant tube assemblies that will give more life 
and reduce maintenance costs. 

All components are produced in suitable analy- 
ses under close metallurgical supervision, and 
with X-ray control. The straight tube sections 
are centrifugally cast in such a way that wall 
thickness is uniform throughout; i. e., inside 
diameter and outside diameter are concentric, 
and thickness is the same the full length of the 
tube. All finished assemblies are pressure-tested 


before shipment to insure freedom from leakage. 
As a result, you are assured of radiant tube assem- 
blies that last longer without cracking, warping 
or sagging. 

Whatever your needs in radiant tube assem- 
blies or other heat-treating equipment—you'll 
get more operating economy from high heat- 
resistant Thermalloy castings. Let us know your 
requirements. Call your nearest Electro-Alloys 
engineer or write Electro-Alloys Division, 5001 
Taylor Street, Elyria, Ohio. 


ELECTRO-ALLOYS DIVISION 


LOT ELYRIA, OHIO 


Be. Oe ; Fs 
US isp OEE SEE SD we *. bf odd ds 
EGO Res lhe th. Wh Saat ony Divi Sal lB a Tig 


For more information, turn to Reader Service Card, Circle No. 396 


*Reg. U. S. Pat. Off 
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» polyester resin. 


New Materials, Parts and Finishes 





... and Related Equipment 








) Illustrating the expanding uses for reinforced plastic sheet is this view of a refrigerated 


truck trailer. The walls and roof are made of Naugatuck Chemical's reinforced Vibrin 


This is the concluding half of the two-part roundup story on little- 


| publicized resins developed recently for reinforced plastics. 


The first part, which appeared last month, dealt with general pur- 
pose resins. This part covers resins for reinforced sheet and laminate, 
matched die molding and other resins which are in various stages of 
development. The latter are grouped under the heading of experi- 
mental, although some are now available for commercial evaluation. 


Reinforced Sheet and 
Laminate Resins 
One of the problems which has 
been difficult to overcome in develop- 
ing resins for laminated sheeting for 
outdoor use is that of weatherability. 
A resin which has been developed 
particularly to overcome this problem 
is Selectron 5051A polyester, a prod. 
ut of Pittsburgh Plate Glass Co., 
| Gateway Center, Pittsburgh. This 
ssentially a modification of that 
pany’s Selectron 5051 resin and 
iys the same characteristics ex- 


cept that it is light-stabilized for 
weathering applications. According 
to the company, weatherometer tests 
show no color change after exposure 
for 500 hr and only slight change 
after 1000 hr. It is furnished at 2400 
to 3000 cps viscosity and may be 
thinned with additional monomer. It 
is said to gel and cure quickly with 
hydroperoxides commonly used in 
this application. 


Vibrin 119 L S, developed by the 
Naugatuck Chemical Div., U. S. 
Rubber Co., Naugatuck, Conn., is 









A Roundup of 


Recent 
Reinforced 
Plastics 


another polyester developed _partic- 
ularly for color-stable articles for out- 
door use. It is said to have good 
resistance to sunlight discoloration, 
showing little or no change after 
2000 hr exposure in a weatherometer. 
According to the company the mate- 
rial wets glass fibers readily and in 
the cured form has good translucency 
and physical properties. 


Self-Extinguishing 


Though far from being the only 
criterion for fire resistance, the self- 
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New Materials, Parts and Finishes continues 


¥ 


Compression molded radio cabinet of Plaskon’s urea-formaldehyde plastics. 


extinguishing characteristic of a resin 
is important in applications where 
rer pale may be a hazard. DX- 

71 is a resin developed by U. S. In- 
Seiad Chemicals Co., Div. National 
Distillers Products Corp., 490 Dor- 
emus Ave., Newark, N. J., and is 
self-extinguishing when tested ac- 
cording to ASTM D-635-52. It is 
also said to have a high degree of 
light stability, making it suitable for 
flame resistant corrugated outdoor 
sheeting. The company also recom- 
mends it for use in circuit breakers, 
switch boxes, and other electrical 
applications. 

Polylite 8061 resin is designed for 
applications where transparency and 
light stability are not required. De- 
veloped by Reichhold Chemicals, Inc.. 
630 Fifth Ave., New York 20, the 
cured resin is said to be heat-stable 
and to pass the Underwriters Lab 
heat stability test. The material can 
be handled in the same manner as 
conventional general purpose poly- 
ester resins. The addition of styrene 
to the material, however, tends to 
reduce its self-extinguishing charac- 
teristics. 


Air-Curing and Electrical 


As was seen with the general pur- 
pose polyester resins, where the ma- 
terial is exposed to air some types of 
resin will not cure satisfactorily. 
These air-inhibited areas cure with a 
poor surface finish containing pin 
holes and craters. Polylite 8027 resin, 
also developed by Reichhold Chem- 
icals, Inc., is designed to overcome 
this difficulty in applications such as 
boat covering where a great deal of 





the surface is exposed to air during 
curing. Except for this characteristic, 
the material has the same properties 
as the general purpose Polylite 8007 
resin. 

For electrical applications a silicone 
resin has been developed by Dou 
Corning Corp., Midland, Mich., 
which is said to retain high electrical 
properties after prolonged exposure 
to high temperatures. Called Dow 
Corning 2105 resin, it is said to pro- 
vide fairly good flexural strength at 
room temperature, although it drops 
off rapidly at 500 F, indicating ther- 
moplasticity. A high degree of ther- 

mal stability is indicated by a low 
moisture absorption and weight loss 
after prolonged exposure to tempera- 
tures of around 500 F. 


Matched Die Molding Resins 


Designed to provide a fast cure 
while yielding a more craze resistant 
product, Selectron 5118 has been de- 
veloped by Pittsburgh Plate Glass Co. 
particularly for matched die molding 
work. According to the company the 
material has been production molded 
in 30 sec at 250-260 F with good hot 
strength in the resultant part, and 
elimination of the residual odor 
often associated with polyester mold- 
ings. 

DX-362 resin, a product of U. S. 
Industrial Chemicals Co., was devel- 
oped for molding and lay-up opera- 
tions where color is not an impor- 
tant factor. The resin provides 
strengths on the order of those of 
general purpose resins, yet is said to 
be appreciably cheaper. 


Experimental 


As was mentioned before, the res; 
grouped below are in varying stag 
of development. Some are in priman 
laboratory stages, others in servi 
testing, and yet others are availabk 
for commercial evaluation. Selectrop 
5000, 514-68 developed by Pit; 





bide 


burgh Plate Glass Co., is a 100% 
reactive, unplasticized, fire resistant 
resin. According to the company, 
castings made from the resin hay 
been held at 400 F for 120 hr with 
a less than 20% loss of flexural 
strength. It is all-purpose poly. 
ester resin, self-extinguishing, with 
higher impact strength than other 
similar rigid resins. 


Experimental Laminac Resin 4147 
has been developed by America 
Cyanamid Co., 30 Rockefeller Plaz 
New York, to meet the need f 
clear, fire resistant resin that does no 
yellow or discolor on outdoor 
posure. It is a typical styrene base 
polyester resin and can be used i 
much the same manner as the typica 
non self-extinguishing resins. Othe: 
properties are comparable to standar 
intermediate resins such as Laminac} 
$115. 

Experimental Laminac Resin PDI 
7-719 has been developed by A 
can Cyanamid Co. to meet the nec 
for a material which will retain go 
dielectric properties at elevated te 
peratures. According to the com] 
pany, a uniform dielectric constant, | 
dissipation factor and dielectric los 
factor is held through a temperatu 
range of 75 to 300 F. It isa high 
reactive polyester material and is r 
commended for impregnation of ele 
trical components, particularly coils 
and capacitors. 

Paraplex P-431 is a light-stabilizec 
resin for outdoor use. Developed by § 
Resinous Products Div., Rohm ané 
Haas Co., 222 W. Washington Sq 
Philadelphia, the material is a mod 
fied version of Paraplex P-43 and 's 
recommended for use in corrugate’ 
panels, skylights, and lighting 
tures 





Laminac Resin 4231 is an unsat 99 
urated polyester alkyd resin which J : 
can be foamed in place. It is sae 





to retain high dielectric and com | 
pressive strength properties at tem 
peratures of 375 to 400 F. It is now 
being offered by American Cyanami 


Co. for commercial evaluation. 
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New Materials, Parts and Finishes continues 
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two samples of Phenolite at left are comparatively unaffected by same arcing test that Workability is demonstrated by trimming 
fs a7 B burned across two NEMA Grade XX samples at right. ¥e-in. stock on shaving dies. 
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ne base A new paper-base electrical grade Properties of Phenolite Grade Y-2401 
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. typica j modified melamine resin has been de. All tests except arc resistance conducted to ASTM and NEMA standards 
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New Materials, Parts and Finishes continues 


Properties of Teflon Filament Yarn 





Specific gravity 

Tensile strength*, Psi 
Tenacity*, Gm/denier 
Elongation at break*, % 

Wet strength* 

Wet elongation*, % of straight 
Dry, loop and knot strength* 
Wet, loop and knot elongation* 
Modulus* 

Zero strength temperature, F 
Gel temperature, 7 
Decomposition temperature, F 
High temperature stability 


Possible useful temperature en- 
vironment, F 
Chemical stability 


Flammability 
Moisture absorption 
Wettabiliry 
Adhesiveness 


Coefficient of friction 
Electrical properties 


Dyeability 
Color 


re 

42,700 

1.45 

ye 

Equal to dry strength 

75.3 

80.8% and 78% respectively of straight tenacity 

88.4% and 72.4% respectively of straight elongation 

Low 

590 

621 

750 

Resists dimensional change; can be heat-set; good flex 
and abrasion; non-brittle 


400-525 

Only affected by fluorine gas and by chlorine tri- 
fluoride at high temperature and pressure, and by 
molten-alkali metals 

Non-flammable but melts with decomposition 

Zero 

Most non-wettable fiber known 

Fiber is slippery ; few materials stick to it with any 
degree of adhesion 

Lowest of any fiber known. Boiled off yarn, dynamic 
0.28, static 0.20 

Excellent 

Very poor 

Tan to brown; can be bleached white in strong oxi- 

















dizing mineral acid 








Instron Tests. 


Fluorocarbon Fiber Produced 


The DuPont fluorocarbon 


~ 
Teflon, is now being produced ex 
perimentally as a fiber by E. I. da 

de Nemours & Co., Inc., Wilmineto; 
98, Del. Although no textile appa 
uses are envisioned, it is expected 
that the fiber may find use in liquid 
filtration fabrics, gas-filtration fabri 
packing for pump and valve shafts, 
gaskets for flanged piping and other 
joints, special conveyors and beltings 
etc. 

At present, 400 denier yarn with 6 
filaments mounted on a 1-lb cone is 
being produced experimentally. Sales 
of the yarn for coramercial evaluation 
are being handled by the industria! 
sales development group of DuPont's 
Textile Fibers Dept. 

Properties of the new fiber are g ven 
at left. 





Sheet arrives in roll, can then be stamped 
into parts like those af right. 


Plastic Laminate in Continuous Sheet 


A paper-based polyester laminate 
is now available in continuous sheet 
form for use in the electronics, motor, 
electrical and radio and TV manu- 
facturing field. Conolite EPNXXP 
is available in lengths up to 150 ft 
and 36 in. in width, and has a glossy 
white opaque finish allowing effective 
printing or embossing in black or 
colored lettering. Its thickness ranges 
from 0.0025 to 0.062 in. 


Produced by Continental Can ‘ 
100 E. 42nd St., New York 17, the 
material can be cut, drilled or cold 
punched automatically without chip 
ping or fracturing, according to the 
company. Physical and electrical prop 
erties of the new laminate are said to 
conform to NEMA standards; these 
properties have also been accepted by 
the Underwriter’s Laboratories. 





Two New Epoxy Resins 


Two new epoxies, Bakelite C-8 
resins BR-18774 and BR-18795 have 
been marketed by the Bakelite Co., 
260 Madison Ave., New York 16, to 
provide strong lightweight products 
with high chemical resistance and 
electrical properties. Four new hard- 
eners have also been synthesized to 
produce the optimum properties of 
the materials which are expected to 
take their place in the rapidly expand- 
ing epoxy for draw dies, check fix- 


tures, frames, patterns, tooling jigs, 
and other types of dies for automo- 
tive and aircraft production. 

Delicate electronic assemblies that 
may be damaged by high temperatures 
can be cast at room temperature in a 
protective envelope made of the low 
shrinking resins. They are also said 
to be suitable for potting transistors, 
selenium rectifiers, capacitors, radio 
interference filters and other electronic 
components. 


The resins are moneric, low mo- 
lecular weight diepoxides. Thermoset- 
ting resins, they are rapid hardening 
with 100% reactive components when 
formulated with their complementary 
hardeners. The hardeners, BR-18793, 
BRR-18812, BR-18803, and BR- 
18807, are aliphatic polyamines syn- 
thesized to give the new epoxies 3 
wide range of curing speed, viscosity 
and pot life. 

(Continued on page 146) 
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REASONS WHY 


Ostuco Single Source Service 
Saves You Money! 
















































Cd 
7, 
Ins Ul y b ° . 
ag Wherever you use tubing in any form... or wherever the advantages 
PI Pm of tubing will make your product more competitive . . . OSTUCO'S 
3 : single source service can save you money. One purchase order takes care 
* of all details. Every manufacturing step from raw materials 
r ICs to finished product is carefully controlled and quality-checked. 
eae : Your production schedules are rigidly maintained. 
other 1.OUR OWN STEEL SOURCE. As o Other advantages of OSTUCO’s single source service are outlined 
ltings nember of the Copperweld family in an informative booklet, “Ostuco Tubing,” yours for 
Ostuco controls its own steel supply . . . the asking. Or better still—for conclusive proof 
vith 6 your assurance of prompt deliveries. send us your blueprints for prompt quotation. 
Sales i i 
luation & | & 
lustrial & 
1Pont's 
e g ver 
2. SEAMLESS AND WELDED TUBING. 3. VARIOUS ANALYSES. Osruco offers 4. FABRICATING AND FORGING. 
As manufacturers of both seamless carbon and alloy steels which meet Under one roof; Ostuco's modern 
and electric welded steel tubing, Ostuco's all ASM, AMS, ASTM, AISI, and equipment and skilled craftsmen provide 
ties are flexible to meet your needs Federal specifications uninterrupted manufacturing, fabricating 
and forging service. 
) | 
r col 
to tn 
| prop 
aid to 
these 
ted by 
5. SPECIALTY ITEMS. Osruco is espe- 6. QUALITY CONTROL, Rigid inspection 7. CONSULTANT SERVICE. The 
y mo- cially geared to handle smaller production and precision tests at various stages diversified knowledge and experience 
; quantities with the same economy of manufacture assure homogeneous of Ostuco’s engineering and design 
noset- normally possible only in larger runs. quality and uniformity. departments is always at your service. 
lening 
when | i 
entary OSTUCO 
8793, 
BR SHELBY, ONTO OHIO SEAMLESS TUBE DIVISION 
. 3 of Copperweld Steel Company « SHELBY, OHIO 
S syf- Birthplace of the Seamless Steel Tube Industry in America 
Kies 4 SEAMLESS AND SALES REPRESENTATIVES: BIRMINGHAM e CHARLOTTE @ CHICAGO 
“Osity CLEVELAND @ DAYTON e@ DENVER @ DETROIT (Ferndale) @ HOUSTON e@ LOUISVILLE 
Cosi ty : 
| ELECTRIC WELDED LOS ANGELES (Beverly Hills) @ MOLINE @ NEW YORK @ NORTH KANSAS CITY 






PHILADELPHIA @ PITTSBURGH @ RICHMOND @ ROCHESTER e@ ST. LOUIS @ ST. PAUL 
SALT LAKE CITY @ SAN FRANCISCO @ SEATTLE @ TULSA @ WICHITA 
CANADA, RAILWAY & POWER CORP., LTD. 


EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 
117 Liberty Street, New York 6, New York 


zs STEEL TUBING 
; —Fabricating 
and Forging 









For more information, turn to Reader Service Card, C'rcle No. 367 
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For more information, turn to Reader Service Card, Circle No. 423 











The Clark Hardness Tester 
is precision built to give 
guaranteed precision results. 
Thousands of Clarks, with 
years of service all over the 
world, attest to this. 

The surprisingly low price 
includes the precision Clark 
Diamond Cone Penetrator, 
as well as Steel Ball Pene- 
trators, a wide assortment of 
Anvils, Test Blocks, and 
other accessories. Available 
in two models, for Standard 
and Superficial “Rockwell” 
hardness testing, each with 
choice of 8", 12", or 16" work 
capacity. 

Before you invest in any 
hardness tester, get the facts 
about the low price, speedy 
delivery, and guaranteed accu- 


racy of the Clark. Write today. 


CLARK INSTRUMENT, INC. 


THE MOST FOR YOUR 
“ROCKWELL TESTING” 
DOLLAR! 









CLARK 
HARDNESS TESTER 





10204 FORD ROAI 
DEARBORN, MICH., U.S.A 



























HEAT TREATING! 


GOOD PROCEDURE 
Plus A GOOD FURNACE 
Plus GOOD BASKETS 

Equals SATISFACTORY 





Are GOOD Baskets 


Stanwood Baskets 


In Fact, THE BEST, because they are made of the proper heat 
resistant alloys to start with and are designed. based on long experi- 
ence, to withstand thermal stresses over a maximum period. Basket 
shown, handling parts to be carbo-nitrided. is properly reinforced, 
skillfully constructed and giving highly economical performance 
users report. SEND FOR CATALOG. 


RETORTS BASKETS TRAYS 





CARBURITING 
Bornes 


FIR TURES 


CHICAGO 39, ILLINOIS 


For more information, turn to Reader Service Card, Circle No. 467 
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New Glass Cloth Has 
High Strength, Lower Cost 


A new type of glass cloth is said 
to possess higher strength and lowe, 
cost than cloth woven from typical 
glass yarn These advantages are 
partly gained, according to the man 
ufacturer, by taking the twist out of 
the yarn used in the weaving opera 
t10n. 

Developed by Bigelow Fiber Glas 
Products, 140 Madison Ave., Ney 
York 16, the material, called Roy 
cloth, is made up of bundles of in 
dividual parallel strands of glass fiber 
woven into cloth. In the conven. 
tional glass cloth the yarn is made 
up of individual strands twisted to 
gether, then woven into the finished 
product. 

The strands of glass fiber in cloths 
must be sized, to lend abrasion te. 
sistance to the fiber during the weay 
ing operation, and to insure complete 
impregnation of the material by the 
plastic resin used by the molder. The 
glass fiber manufacturers apply this 
sizing to the strands at the forming 
operation. If this sizing is of the 
Volan or Silane type, it imparts stiff 
ness to the fibers, and in twisting th 
fibers into yarn they break. 

To overcome this, strands that are 
twisted into yarns are sized with 3 
starch type of sizing which will nol 
stiffen the fiber, yet will act as a lub 
ricant while weaving. This starch 
sizing, not being compatible wit! 
resins used in plastics manufactur 
must be removed by heat cleaning 
and replaced with a sizing such 4s 
Volan, Silane, etc. after the yarn 1s 
woven into cloth. Since the strands 
used in Rovcloth are not twisted, they 
can be sized originally with compati- 
ble sizes which do not require heat 
cleaning and subsequent refinishing. 

The fabric is available in sizes up 
to 144 in. wide, in varying types of 
constructions and thread counts. Ad- 
ditional advantages claimed for the 
material are: | 

1. Absence of twist gives increased 

strength, allows better wetting 
out of individual filaments. 

2. Flat ribbon shape of roving gives 

better inter-laminate strength. 

. Increased bulk results in lowet 
laminating cost. 
4. No loss of strength due to heat- 
cleaning. 


Ww 


(Continued on page 148) 


MATERIALS & 











eo 
Weare 








METHODS | 

















































































Stainless, carbon, alloy and high-speed tool steels 
4 and non-ferrous alloys descaled in from 15 seconds 


to 20 minutes. 
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that ari From removing metallic oxide scale from huge plates, erated indefinite by the addition of low cost chemi- 
with . coils or bars to desanding molds or cleaning residual cals. Where gesired, the entire process can be 
wil a materials from stampings, the Ajax Electric Salt Bath mechanized {pr highly efficient mass production. 
S a luD . , : 

peau Furnac th t are ; Poe 
; starch 1a} A veg la et lag appreciate erste er Write today, giving details of your finishing problem. 
“or abor, floor space and time. What's more, the work is ryehbit:  Maght . 

e will roms lett tea 2 1] Let Ajaxgengineers prove these claims—at not the 
Ridin one far more efficiently than is possible with sand- lightesf R 

ac ee aie slightesf obligation. eprinted technical articles on 
besides blasting, acid pickling, electrolytic anodic cleaning 

- cleanéng, descaling and desanding are available on 

watts 9 or other methods. sas 

ae ’ The Ajax Salt Bath Furnace is adaptable to many a — — 
a ate metal and alloy types. Different metals and different o 
ompati metal shapes can be descaled simultaneously. The 4 Grease, drawing com- 
es, bath acts uniformly on all parts of the work includingy” _ pounds, residual rubber, 
nishing, blind holes. The process reacts only on scale, sand fr carbon black, plastics, 
izes up residual materials. The base metal is not affectedind deceudaaanmid 

ypes of there is no hydrogen embrittlement. First cost@f the os > oe 
ts. Ad. equipment is low and so is upkeep. Pot and g&ectrode snc 

for the life is measured in years and the bath carybe regen- Sas te Saseus tons re Se 
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creased ¢ 

wetting AJAX ELECTRIC COMPANY 
nts. WORLD'S LARGEST MANUFACTURER OF ELECTRIC HEAT TREATING FURNACES EXCLUSIVELY 
ig gives 906 Frankford Ave. Philadelphia 23, Pa. 
ngth. Associate Companies: Ajax Electric Furnace Corp.; 
1 lower | Ajax Engineering Corp.; Ajax Electrothermic Corp. 
to heat- SAl T. 
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WELDED 
STAINLESS? 


TUBE 
SIZES: 
4%” to 4° OD 
.025 to .148 


SHAPES: 
Squares, 
Rectangles 
and 
Special 
Shapes 


Go ek CMG Ae A ia: e 


e@ WELDED STAINLESS 
TUBING AND PIPE 


@ WELDED CARBON STEEL 
MECHANICAL TUBING 


e BOILER AND HEAT 
EXCHANGER TUBING 


e EXCLUSIVE 
“RIGIDIZED” PATTERNS 





Whether it’s for a pressure, mechanical, 











Sanitary or ornamental use — Standard 
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Send for Stainless Folder! Our engineers will gladly assist you in 
your selection of the tube best suited to your needs! Write today! 


Shuey Stndeed ov 


offers you a convenient “one source” answer 


to your welded Stainless Steel Tubing need. 





TYPES: 430, 302, 304, 309, 316, 321, 347; and others including low-carbon grades. 


. 


“ 


PIPE 
SIZES: 
Ye” to 2” IPS 
Schedule 40 


PIPE 


SIZES: 
a” to 4° IPS 
Schedules 


5 & 10 


THE STANDARD TUBE CO. 


Detroit 2 


Welded Tubing 


STANDARD 
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\e\nnd 


> 
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\ 


~ 


a 


Michigan 


a] -lale-1) Y- | Parts 
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" STANOARC 
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New Coatings Prevent Corrosion 


Five new coatings have been «& 
veloped by Allied Research Produc; 
Inc., Baltimore, for corrosion prote 
tion of nonferrous metals. Two a 
suitable for zinc alloys and one ea 
for silver, copper and aluminum. Th: 
new products are designed for appli 
cation by a simple chemical dip, with 
out electrolysis, special equipment o 
specially trained personnel. 


ac} 
} 
Q 


Zinc Alloys 

Iridites and #4-75 (Cast. 
Zinc-Brite) are said to provide bright. 
type decorative and protective finishes 
directly on Zamak #3 and Zamak #5 
type alloy zinc die castings, respec 
tivey. According to the company, the 
chemical polishing action of the Ir 
dite solution imparts a luster to the 
metal surface, eliminating the nee 
for mechanical polishing. In add 
tion, the finishes can be used as prepa. 
rations for electroplated finishes bj 
chemically removing the protective 


film. 


#4-73 


Silver Plate 

Iridite #18-P (Silver-Kote) is said 
to provide good tarnish resistance fot 
industrial silver plate. The process 
designed to provide a protective 
ing both in service and storage wit! 
minimum effect on electrical chara 
teristics and solderability. The finis 
does not substantially change the ap 
pearance of the silver plate. 


Copper and Copper Alloys 
Iridite #17-P (Cupreous - Kote) 
provides greater corrosion resistanc 
and paint adherence for copper and 
copper alloy surfaces than can be ob 
tained from Iridite #7. It is designed 








i ities 


ill in BEE iat TOE: 


to perform on any copper or copper B® 


alloy without generating smuts anc 
also to provide protection for soldere¢ 
joints. The basic coating resembles 
the base metal in appearance and can 
be dyed yellow, red, orange or greet 
for color identification. 


Aluminum 


Iridite #14-2 (Al-Coat) is anothe' | : 


addition to the Iridite line of alum 
num finishes. Application of the coat: 
ing can be controlled to produce } 
finish ranging in appearance from 
yellow-iridescent to a uniform c¢éP 
brown. The deep brown finish is mor 
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These full- length dome cars are part of an order for 121 
being built by The Budd C ompany for the 
Railway. 


Santa Fe 
They feature not only unexcelled facilities for 
passenger enjoyment... but also the safety and economy 


of Crucible Rezistal® stainless steel. 


Because they’re all stainless — their strength-weight 
ratio is higher than you’d find in low alloy carbon steel. 
The cars are lighter yet stronger than ordinary steel cars, 
which means the Santa Fe will be able to haul as many 
as 25 of these cars with the same drawbar pull they’d 
need for 20 low alloy carbon steel cars. 


What’s more, the passive surface of Crucible stainless 





ws 








of. \Fae| steelmaking 














will never need painting...never need more than a 
‘‘once-over-lightly” by maintenance crews to keep its 
sparkling new look. And, beneath the skin, 


corrosion and vibration can undermine the strength of 


where 


vital structural members — the high corrosion resistance 
and fatigue strength of Crucible stainless will keep these 
cars in service for a lifetime. 


Budd would not have chosen stainless for all the cars 
they build unless it was a practical shop metal. And it is. 
For it can be formed, machined, welded, drawn, heat- 
treated — processed in any way you'd normally use for 
ordinary steel. 


So don’t forget the Crucible family of stainless steels 
where you need corrosion resistance... high fatigue, 
creep and structural strength . . . resistance to wear and 
temperature extremes... workability. We'll be glad to 
help you select the best stainless grade for your job. 
Let our Metallurgical Engineering Department make 
practical suggestions. 


first name in special purpose steels 


STAINLESS STEELS 


IBLE ity COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


HIGH SPEED * TOOL * 


JULY, 1954 


REZISTAL STAINLESS 
Canadian Distributor — Railway & Power Engineering Corp., Ltd. 


For more information, turn to Reader Service Card, Circle No. 466 


* MAX-EL * ALLOY * SPECIAL PURPOSE STEELS 


149 














New Materials, 


Wilson “Rockwell Parts and Finishes 


Hardness Testers 














protective than other Iridite 
ments for aluminum, according t 


company. The coating can also be 


LS a leliclab ate 

i oo bleached to produce a clear appearance 
esa ROCKWELL : without damaging the prote 
Hardness Tester with | qualities of the film 
SET-O-MATIC* Gauge of : | 


Y MODEL “ae 


MOTOR-OPERATED 


SET-O-MATIC* 


DIAL GAUGE 


Eliminates human error. Operator merely applies minor load 
and taps depressor bar. No setting of dial to zero. 


OTHER FEATURES 


e Major load applied e Major load removed by 
under dash pot control motor 


e Illuminated Dial Gauge e Illuminated Penetrator 


Eliminates Operations... High Temperature Stel i 


Seamless Tubing 


Increases Tests per Hour x see A ti win 


seamless tubular form is now availa- 
ble for use in equipment operating 
under conditions involving high 
stresses and temperatures. Produced 
by Tubular Products Div., The Bab- 
cock & Wilcox Co., Beaver Falls, Pa., 
the tubing is berng marketed under 
the name Croloy 19-9DL. The steel 
used is Universal Cyclops Uniloy 
























All you have to do with the Model Y WILSON “ROCKWELL”’ 
Motorized Hardness Tester is apply the minor load and tap the 
major load depressor bar. The machine does everything else 
automatically. The cycle of Major Load operation may be less 
than 2 seconds. 

This speed of test means great savings in time which will 
reduce your hardness testing costs. Yet it is done to Wilson’s 
high standard of accuracy. 


The utter simplicity of setting the SET-o-MATICc* dial gauge 19-9DL. 
eliminates human error. The operator does not have to set the 19-9DL is predominantly an aus- 
dial. The large pointer is automatically brought to “‘sET’’ posi- tenitic stainless steel containg chro- 
tion when the minor load is applied. nium, nickel, molybdenum, tungsten 
The Model Y Motorized wILson ‘‘ROCKWELL” Hardness and small quantities of columbium, F) 
Tester is in production and orders are being accepted for early tantalum and titanium. It has good Fy E 
delivery. Write today for descriptive literature and prices. strength at temperatures up to 1200 FF : 
F and is corrosion resistant with char- FF 


*Trade Marks 







acteristics similar to high carbon, he ™“ 
18:8 stainless steel. 4 ‘ 
The tubing is being produced in Fy 
limited sizes by the hot extrusion | 
method, developed in France as the 
Ugine-Sejournet process. 


co 


Wilson Mechanical Instrument Division 


AMERICAN CHAIN & CABLE 


230-E Park Avenue, New York 17, N.Y, 










(Continued on page 152) 
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Feed rolls push barstock through TOCCO Induc- 
tion Coils to heat stock to 2350°F for forging. 





with TOCCO Induction Heating 


FASTER PRODUCTION— 4200 nut blanks per hour—twice the output of a con- 
ventional hot punching machine—that’s the result of Lamson & Sessions Com- 
pany’s new automatic production set up with TOCCO Induction Heating. 


OTHER ADVANTAGES—TOCCO delivers exact tem- 
peratures (2350°F, plus or minus 25°) and delivers 
them so fast that scale has little time to form. Scale 
loss has been reduced to only about 1% for hot-rolled 
stock. TOCCO is clean and cool, fits right into the 
production line—no hauling to and from the heat- 
treat department—no unpleasant radiant heat to annoy 
workers. 


HERE’S HOW IT WORKS—Steel bars up to 1%" diam- 
eter are fed through TOCCO Induction Coils. The 
first two coils, operating off a 300 kw, three kc TOC- 
CO motor-generator set, preheat the rod. The third 


THE OHIO CRANKSHAFT COMPANY 


coil which operates from a TOCCO 250 kw 10 ke 
generator then boosts the rod to forging temperature. 
The hot rod then is fed to the special hot nut former 
(designed and built by NATIONAL MACHINERY 
CO.) which shears the rod to suitable lengths, forms 
the part and spits out the nut blank—ready for tapping. 


In your search to find sound methods of increasing 
production, improving products and lowering costs, 
don’t overlook TOCCO Induction Heating. If your 
products require heat treating, soldering, brazing or 
forging, it will pay you to investigate TOCCO for 
better, faster ways of producing thematlowerunitcosts. 


——— emma Mail Coupon Today ---—-——-—— 


| FREE 


BULLETIN 


THE OHIO CRANKSHAFT CO, 
Dept. T-7, Cleveland 1, Ohio 


Please send copy of ee Soe 
eating for 


of TOCCO Induction 
Forging.” 


Name 
Position 
Company. 
Address 


Zone State 


For more information, turn to Reader Service Card, Circle No. 367 
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eto] Gage NETREX FOR 


f you're satisfied with 
any other paint base 


You __.. have the facts about 


HOW PAINTBOND EXCELS: 


By improved paint base: Paintbond provides greater permanence to your paint 
finishes than any comparable phosphate coating process . . . you can prove this 
with your own salt-spray tests! Even when paint is scratched through, corrosion 
is confined to the exposed metal; spreading corrosion, and resulting paint flaking 
and peeling, is prohibited! 


Further, since Paintbond consists of much finer-grained crystalline structure, it 
imparts a smoother, more lustrous finish to your products. At the same time, paint 
is securely interlocked with the metal for extreme durability. 


By dollar savings: It is an easily proven fact that Detrex Paintbond will coat 
a substantially greater surface area per drum of compound, or will provide a 
heavier coating with the same amount of compound. This means important dollar 
savings for you. Since Paintbond goes further and is easier to control in solution, 
you enjoy maintenance savings, too. 


By flexibility: Whether applied by spray or immersion, Paintbond can easily be 
controlled to give exactly the coating weight and crystal size you desire. This 
important advantage spells satisfaction on every type of product and application. 


By added merchandising value: Detrex makes available to Paintbond users 
an attractively designed sticker for application on their finished products. At point 
of sale, this sticker becomes another sales clincher for your product as it informs 
the customer of the life-time, rust-free paint finish that Paintbond provides. 


Paintbond IS different . . . the benefits above are but a few reasons why. Like all 
Detrex processes, results are fully guaranteed. You can get all the facts by using 
the coupon below .. . do it today for better paint finishes at lower cost tomorrow. 


tea ee ee ea oe ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee oe ee ee ee ee oe ee ee ee ee ee oe oe ee oe Ge Ge oe oe oe oe oe Ge oe oe 


Please send us complete facts about Paintbond and how it will improve our 
finishes while cutting our costs. 


NAME TITLE 
COMPANY 








ADDRESS 





CITY ZONE STATE 
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Data on properties of 19-9DL in- 
clude the following: 
Charpy impact strength: 
Temperature Ft Lb 
SO F 6) 
1200 F 56 
Stress to rupture 


Time, Hr Stress, Psi 
10 50,000 
100 44.000 
1000 347,000 
10,000 31,000 

Stress for secondary creep rates: 

Creep Rate, 
% per 1000 hr Stress, Psi 
0.01 9800 
0.10 19,500 


New lron Powder Has Better 
Strength and Hardness 


A new grade of reduced oxide type 
of iron powder has been developed 
by the Plastics Metals Div., Na- 
tional Radiator Co., Johnstown, Pa. 
The powder is said to have good 
compacting properties and to result 
in parts with improved tensile and 
transverse strengths and hardness. 

The material, called Plast-Iron 
Grade B-212, is said to be compatible 
with copper additions with respect to 
growth upon sintering, and to reduce 
the amount of copper needed. 

The use of B-212 with 3% copper 
powder is said to provide tensile 
strengths about equal to those obtaina- 
ble with other similar type powders 
with 10% copper. With 5% copper 
added, B-212 offers optimum trans- 
verse strengths, while tensile strength 
is said to be around 25% higher 
than similar 10% copper powders. 
More than 5% copper powder does 
not materially increase the tensile 
strength. 

The addition of carbon to the B-212 
and copper mixes appears to have 
some value when the copper is 3% 
or less; however, there is a loss of 
strength with higher percentages of 
copper, according to the company. 
Carbon does increase the hardness 
of these mixes and therefore may be 
justified when parts are to be hard- 
ened through heat treatment. How- 
ever, the company warns against us: 








€ For more information, Circle No. 417 5 
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New Materials, 
Parts and Finishes 





‘ag more than 3% carbon regardless 
of amount of copper additions. 

Recommended sintering tempera- 

s range from 1985 to 2050 F. 
Exceeding this upper limit may result 
in excessive warpage, etc. 

In addition the material is said to 
offer the following advantages: 

1. Plast-Iron 212 provides a ten- 
sile strength 2.4 times that obtained 
with similar types of powder. 

2. The strength of transverse bars 
made from the material increases 
with sintering time and temperature. 
Transverse strengths are about double 
those obtained with other similar 
types of powder. 





Portable Unit Finds 
Surface Flaws 


_ A magnetic-particle test unit weigh- 
ing 45 lb and designed to locate 
surface defects in rough castings, bar 
stock, forgings and shop welds has 
been marketed by North American 
Philips Co., Inc., Mt. Vernon, N.Y. 
Called Portaflux the instrument 
works in this way: objects to be 
checked are magnetized either by 
passing a current directly through the 
metal or through a surrounding cable 
in the form of a coil; magnetic iron 
oxide or precipitated iron powder is 
distributed over the surface of the 
magnetized object and the alignment 
of the particles indicates the defect. 
The unit has two heavy-duty, oil- 


resistant, insulated cables with renewa- 
ble prods that carry currents up to 
600 np at a maximum voltage of 
1.5 


A metal coupler is provided 
nnecting the prods together 


for 


For mere information, Circle No, +453 > 
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puts your metal cleaning 
in-line for lower costs 


Today with specialized Detrex equipment, all your metal washing and degreasing 
operations can be performed right in sequence on your production line. Regardless 
of the size of the work, the type of soil to be removed or the kind of cleaning 
required, Detrex can provide a unit exactly for the job. 








Detrex equipment for “in-line” degreasing and washing provides the efficiency 
of decentralized cleaning and eliminates plant-wide trucking required with central- 
ized cleaning. It further eliminates the confusion connected with interdepartmental 
handling and the possibility of damage to precision-machined parts. Because Detrex 
equipment is designed for production-line use, you'll find it operates at lower cost- 
per-piece-cleaned, too. 


In fact, only Detrex makes both the equipment and the chemicals for all types 
of cleaning . . . alkaline and emulsion washing, solvent degreasing, even cleaning 
by sound waves*! 


Detrex field technicians, well schooled in efficient materials handling, will 
gladly survey your cleaning operations and give you specific recommendations on 
equipment and the results we guarantee to you. There is no charge, it’s a part of 
Detrex service . . . the Service with a Saving! Get specific facts for your plant 
by using the coupon below. 


*Detrex Soniclean® Process 


We'd like complete data on Detrex equipment for our production line and the savings you 
guarantee it to produce. 
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SPUNCAST™ 


REPLACEABLE SHAFT SLEEVES 


@ WEAR LONGER & COST LESS 


@ AVAILABLE TO MEET YOUR REQUIREMENTS 


You replace a shaft sleeve machined from ESCO Spuncast fast — but you 
don’t replace one often...because you select Spuncast in exactly the analysis 
and heat treatment you need to lick wear and corrosion in every application. 
Spuncast is available in a wide variety of analyses and sizes from stock—but 
if you have special requirements the Spuncast principle permits economic 
production of relatively small quantities in special sizes and analyses. 
Spuncast —centrifugally cast with a “built-in hole’’—keeps machining cost 
low. Machine parting into small sections is fast and simple. Centrifugal 


casting assures homogeneous structure throughout. 


For a closer look at ESCO Spuncast consult ASTM designation A362-52T 


or write for booklet “How To Cut Costs With ESCO Spuncast”. 


... the toughest 
corrosion problems 
wind up at... 


HIGH 7 an a on 2 i 
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ELECTRIC STEEL FOUNDRY Co. 


Manufacturing 
Plants 

2141 N. W. 25th Ave. 
Portland 10, Oregon 
712 Porter St. 
Danville, Illinois 


Los Angeles, 
San Francisco, Calif. 
Seattle, Spokane, Wash. 


ESCO International and New York Office 
420 Lexington Ave., New York City, N. Y. 


Other Offices and Warehouses 


Centralia, Pa. 
Houston, Texas 
Medford, Eugene, Ore. 


For more information, turn to Reader Service Card, Circle No. 382 


Salt Lake City, Utah 
Honolulu, Hawaii 

In Canada, Vancouver, 
British Columbia and 
Toronto, Ontario 
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when 
me¢ thod 
The control panel has an indi 
type 
amp. There is a 3-way selection s 


using tne wrap 1roun 


meter with a range of 
for different ranges and a pilot 
indicates when the high rang 
use. 

The instrument is useful for exam 
nations at various stages of pri 
tion, and during service for revisio: 
and repair. The light weight of tl 
unit makes it useful for inspecting 
ship hulls, storage vessels, pipe line 
and other large objects. 

There is also an indicating devi 
which shows the direction of the flu 
in the magnetized object and indicates 
the presence or absence of sufh 
field strength. 


Fixture Increases Capacity | 
of Fatigue Tester 4 


With the use of a newly develope: 
fixture, fatigue tests can be carrie’ 
out under loads up to 50,000 Ib on: 
10,000 Ib capacity fatigue testing m* 
chine. The device, called the Sonntag 
Five-to-One multiplying: fixture, * 
being produced by the Baldwin-Lim« | 
Hamilton Corp., Philadelphia, 4 ( 

The fixture is especially suited 10 
testing flat materials, including meta’ 
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G-E RUBBER-PHENOLICS 


STOP C-R-A-C-K-i-N-G 






Troubled by e-r-a-c-k-i-n-g in assembling plastics 
parts? Wrestling with a riveting or insert problem? 
Here’s a case that shows how shock-resistant Gen- 
eral Electric rubber-phenolics can help: 

When conventional phenolics were used for this 
phonograph pickup cartridge housing, cracking 
occurred when the halves were riveted together. 
Pressure from the tightly-packed electrical com- 
ponents under the riveting operation resulted in 
a serious assembly problem for its manufacturer. 

Then a switch was made to General Electric 
rubber-phenolic compounds—in this case, an 
economical, woodflour-filled grade—G-E 12487. 
Result: NO MORE CRACKING—thanks to the 
inherent resilience of this shock-resistant molding 
compound. 

Where can G-E rubber-phenolics help you? If 


you are molding or assembling plastics parts— 


YD 
Sou CHR poe pare confdlence mn 


}GENERAL@® ELECTRIC |< 


Two-part housing for pho- 
nograph pickup cartridge, 
molded of G-E rubber- 
phenolics for Astatic Cor- 
poration, Conneaut, Ohio, 
by Applied Plastics Divi- 
sion, Keystone Brass 


Works, Inc., Erie, Pa. 





ACTUAL SIZE 


and cracking is your problem—investigate G-E 


rubber-phenolics! These compounds are a com- 
bination of phenolics and synthetic rubber, modi- 
fied by fillers to impart special properties. They 
provide resistance to cracking under a wide range 
of metal insert operations, permitting low-cost 
assembly techniques and simplified designs. Send 
the coupon today for a helpful design file and 
case history brochure. 





General Electric Company 
Section 416-3E, Chemical Division 
Pittsfield, Massachusetts 





bead 
Please send me a free copy of ‘“‘Design File—G-E 
Rubber-Phenolics.”” I want this information for: 
( ) Reference purposes only (_ ) An immediate 





application on 
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For more information, turn to Reader Service Card, Circle No. 325 
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Similar castings? Yes, but a 
closer look will reveal many 
common defects in one. 


DOESN’T COST...IT Hus | 


After finished costs are compiled, then and only then 
can you evaluate the quality of a steel casting. 
Basic cost alone is no “‘yardstick’’ for value when 
accuracy, soundness and other qualifications necessary to 
economical processing, are not included. Excessive 
machine work .. . or ultimate rejection due to hidden 


flaws, can skyrocket finished costs. 


Consistently high quality is not achieved by 
guesswork. Unitcast meets all customer specifications 
with experience and equipment second to none! Every 
facility is employed for a specific purpose . . . with 
a single objective, to deliver the best quality steel castings 


at the lowest possible price. 


Unitcast will assure you “‘value received’’. Write 


or call today! No obligation. 


UNITCAST CORPORATION -: Toledo 9, Ohio 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


Unitcast 


a 
VAN 





QUALITY 
STEEL 
CASTINGS 





For more information, turn to Reader Service Card, Circle No. 465 
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and plastic s, as well as for joints that 
are riveted, welded or bonded. With 
the proper adapters, round specimens 
chains, belts, and other parts can als 
be tested. Maximum deflectior 
specimens is +0.050 in. 

A simple lever principle is used in 
the fixture. A flex-plate acts as the 
fixed pivot of a 30-in. lever which is 
vibrated vertically by the oscillator 
of the fatigue machine. The specimen 
is loaded through another flex-plate 
6 in. from the fixed pivot. The load- 
ing member is guided to move verti 
cally by horizontal flex-plates which 





prevent bending of the specimen. our lit 

The fixture has a 171/-in. vertical § eed | 
space between the top of the loading sf 

member and the upper fixed platen Berami 

and a lateral space of 9 in. between 

the columns. Guctio 

Staff V 
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Oscillating Head Speeds 
Weld Build-Up 


New automatic welding equipment 
which will produce beads up to 4 !f. 
wide in a single pass has been de- 
veloped by the Lincoln Electric Co 
Cleveland 17. 

Called Spreadarc, the attachment 
mounts on a standard Lincolnweld 
automatic head and oscillates the head 
back and forth at right angles to the 
direction of travel. The amount of 
oscillation can be controlled to prfo ¥ 
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pou ine workers will appreciate the ease and 
Speed with which they can assemble AlSiMa 
Geramics. YOur pro- Si aS. : 
Muction planning 

Staff will be well 

eased wit the excellent quality = a as the 
g delivery of these parts. 


Physical dimensions 
and tolerances are 
checked at every key 

i stageof 
A ) ge of manufac- 
A thoroughly trained Quality Control inspec- 
0 insure shipment of a superior product 


* 
we 


Pour la 
| ' bd. completely equipped plants assure 
undreds—or hundreds of thousands— 
of AlSiMag precision 
made parts when 
you want them. 


mu Ca 
bran 
ars 


Oran specify AlSiMag 
Sane by over fifty 
4 oe experience 

-chnical ceramics field. 
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WEST: John A. Green Co., 15 Oriole Dr. Dallas 9, Dixon 9918 « LOS ANGELES: 5603 N Huntingt 
1-9114 * SOUTH SAN FRANCISCO 320 Shaw Rd.. Piaza 6-0800 * PITTSBURGH 9} Plaza Bidg., A 


53RD YEA 


AMERICAN 


ubsidiary of Minnesota 


_ Capitol 
tlantic 1-2075 











by A plenrsf* of a Series 
D 


OG 
“b 








© Quench Tank 


© Load 
th ts feed th h 
© 3-row Carburizing Furnace Bo putts tae roug 
single row draw furnace 


Cc) Press Quench Machines Unload 


1 Furnace Layout Handles 2 Parts 
Saves time, man hours; cuts costs 


ge > 
ye 5 it 


we 


ts: substantial savings in and 


Unusual? Not at all. Just another example. of how 
experience and “‘know-how’’ pays off in time, money and 
job satisfaction. 

Write today for complete information. Holcroft & 
Company, 6545 Epworth Blvd., Detroit 10, Michigan. 


PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 





CHICAGO, ILL. + CLEVELAND, OHIO + HOUSTON, TEXAS - PHILADELPHIA, PA. 


CANADA EUROPE 
Walker Metal Products, Ltd. S$. 0. F.1.M. 
Windsor, Ontario Paris 6, France 






For more information, turn to Reader Service Card, Circle No. 463 
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duce a pad of weld metal in va: 
widths up to 4 in. According t 
company it may be used to buil 
a layer of hardsurfacing metal « 
build up with mild steel. Unde; 
proper conditions it may also be 
to overcome poor fit-up conditions 
encountered in welding a joint. 

The device is powered by its ow: 
variable speed electric motor which 
oscillates the entire welding head 
assembly by means of an eccentri 
The width of the oscillation is con 
trolled by adjustment of the eccentri 
and the number of oscillations per 
minute by a rheostat control of thi 
motor speed. 

Hardsurfacing with this equipment 
employs the hidden arc welding 
process and retains all the advantages 
of speed, uniformity and econom, 
normally associated with the process 
when used for normal joint welding 
according to the company. Typical 
applications are for scraper blades 
tractor shoes, crusher rolls, shovel and 
dredge parts, hammers, crane ways 
dipper teeth and bowl mills. 


Cleaner Prepares Copper 
for Plating 


A new compound specifically de 
veloped for electrocleaning coppet 
and its alloys prior to plating has 
been marketed by Oakite Product 
Inc., 19 Rector St., New York. 

The cleaner, Oakite Composition 
No. 191, is said to reduce tarnishing 
of work in the higher-temperature 
cleaning ranges, or where long treat 
ing cycles or prolonged transfer peti- 
ods may occur. Advantages claimed 
by the company for the new materia! 
are: 1) long solution life, 2) broad 
current-density range, 3) wide tem 
perature range (160 to 210 F), 4) 
low concentration of cleaner, 5) high 
rinsibility in both hot and cold water, 
6) keeps tarnishing at a minimum. 

The material is a free-flowing, fast- 
dissolving granular product whose 
solutions are colorless with little of 
no odor. Recommended concenira- 
tions start at 5 oz per gal, rising 
slightly as the solution ages to com- 
pensate for loss due to drag-out and 
carbonation of solution from carbon 
dioxide in the air. 


(Continued on page 160) 





MATERIALS & METHOD? & 














itor 
hing 
ture 
real 
Y€fI- 
med 
erial 
road 
tem- 
) 
high 
ater, 
1m. 
fast- 
hose 
e or 
ntra- 
sing 
“om 





How a Fosbond cycle including Actidip can 


CUT YOUR PHOSPHATIZING COSTS 
AS MUCH AS 40° 





lf Your Company Now Applies Zinc 
Phosphate Paint-Bonding Coatings, 
This Is ‘Must’? Reading For You! 


A key component in Pennsalt’s all-new Fosbonda 
Process is Actidip. Proper use of this extraordinary 
activating agent can cut consumption of zinc phos- 
phating solution as much as 40% by reducing crystal 
size—and also assure a better, smoother organic finish. 
Because the phosphatizing bath is the major expense 
item in a paint-bond process, the reduced consumption 
possible with a Fosbond cycle including Actidip 
therefore can save thousands of dollars annually for 
any major user! 


In many other ways, the Fosbond Process is just as 
noteworthy. It consists of a complete series of products 
and operations for trouble-free phosphatizing of metal 
prior to organic finishing. Fosbond locks finish to 
metal, and provides lifetime corrosion resistance. To 
get the process working smoothly in your plant and to 
keep it that way, Pennsalt offers the services of metal 
processing specialists. 


Like To See Test Panels? Prove to yourself just how 
good Fosbond is! We'll send you test panels, or 
Fosbond chemicals with which you can make your 
own. Tell us, 1) type metal to be coated, 2) phosphate 
coating now used, 3) method of application, 4) organic 
finish used, 5) conditions finish must meet. Or, tell us 
about your phosphatizing operation, and we'll answer 
your questions as specifically as possible. 


Better yet, say the word and we'll have one of our men 
tell you about Fosbond in person! Write: Customer 
Service Dept., Pennsylvania Salt Manufacturing 
Company, 528 Widener Bldg., Philadelphia 7, Pa. 


Fosbond has qualified for the Good Housekeeping 
Guaranty Seal, which is part of the colorful Fosbond al SB ( ll 
emblem. Authorized Fosbond users may include 
this nationally-advertised emblem in their sales 

literature, product tags, etc., thus benefit from a 
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Zinc phosphate crystals 










STEEL SURFACE 
MULLLLLILLMLa“L@@Lz 
- LARGE CRYSTALS 
a on non-activated surface 
(unretouched) 
photomicrographs 





SMALL, DENSE CRYSTALS 
on Actidip-activated surface 





How Actidip Works 


Zinc phosphate crystals begin “growing” on steel from 
a starting point or nucleus. On a non-activated surface, 
growth is uncontrolled. Result: large crystals, high con- 
sumption of phosphatizing solution, irregular surface 
requiring more paint to cover. 


Pennsalt Actidip “seeds” the surface with thousands of 
nuclei. Result: a controlled, more uniform, smaller crystal 
structure; a minimum of solution consumed to fully coat 
surface (up to 40% less); equal or better corrosion 
resistance with lighter coating due to more complete 
surface coverage; less paint to cover—or a smoother 
finish with same amount of paint. 


The use of Actidip on certain steel surfaces which won't 
take an adherent phosphate coating has actually made it 
feasible to produce good coatings on these surfaces. 


Actidip is applied by spray or immersion methods—by 
itself or compounded with a Pennsalt Cleaner. Actidip 
baths have long life and require no chemical control as 
the action of Actidip is a physical phenomenon and 
involves no chemical reaction. For best results, Actidip 
should be used in a Pennsalt-designed Fosbond cycle 





For more information, turn to Reader Service Card, Circle No. 347 














Pennsalt 
Pennsolt trade mark Chemica Is 


Actidip is a 















Using 
Woven Wire 
Conveyor Belts ? 


get to know your 
Cambridge man! 


Every Cambridge Sales Engineer- 
both in the field and the home office 

is thoroughly trained in every phase 
of wire belt engineering. 

That means he’s equipped to give you 
complete, accurate advice and recom- 
mendations—based on our years of 
leading the development and applica- 
tions of woven wire conveyor belts. 
You can be sure that the belt he 
recommends for you will give top 
performance, because every Cam- 
bridge belt is selected and fabricated 
to meet individual requirements. No 
two belts are alike. The belt you buy 
is designed for you alone. 


Moreover, every step of belt fabrica- 
tion at the plant is closely inspected 
to make sure the finished belt meets 
rigid specifications for size, mesh 
count and mesh opening. 

So, for complete satisfaction with belt 
performance—get to know your Cam- 
bridge man. He’s listed under ‘‘Belt- 
ing-Mechanical”’ in your classified 
phone book—or write us direct. 





IF YOU'RE NOT USING WIRE BELTS 
let us tell you how they can boost 
production and cut costs by combin- 
ing movement with processing. No 
obligation, of course. 











FREE CATALOG 
Gives complete specifications for 
Cambridge wire belts, provides 
you with background knowledge 
for discussion with your Cam- 
bridge Sales Engineer. 


The Cambridge 
Wire Cloth Co. 


¢ Cambridge 7, Md. 


an a a 


METAL +—+—+ SPECIAL 
*—+ CONVEYOR+-+-+ METAL 
BELTS TT FABRICATIONS 


OFFICES IN LEADING INDUSTRIAL AREAS 


CLOTH 


For more information, Circle No. 351 
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New Materials, 
Parts and Finishes 
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Low Cost Coil Forms Have 
High Dielectric Properties 


To meet various dielectric require- 
ments, materials such as kraft paper, 
fish paper, acetate or combinations 
(with phenol impregnation availa- 
ble) are used by Precision Paper 
Tube Co., Dept. MMN, W. Charles- 
ton St., Chicago, in the production 
of coil forms. 

Any requirements as to shape, SiZe, 
length, inside diameter or outside di- 
ameter can be met and held within 
critical tolerances, according to the 
manufacturer. Sizes from fractions of 
1 in. up to 9 in. are available without 
extra tooling charge. 

By varying the materials used, a 
wide range of resistance to crushing, 
dimensional stability and _ tensile 
strength is available. 


Insert Aids Welding of 


Stainless Steel 


The EB Weld Insert is a welding 
process whereby a specially shaped 
insert is used to obtain smooth and 
uniform root passes on both sides of 
the weld even though the actual 
welding is done on one side only. 

Marketed by the Arcos Corp., 1500 
S. 50th St., Philadelphia 43, the in- 
serts should be used for welding 
stainless steels when accessibility is 
limited to one side, where smooth 
crevice-free weld contours are needed, 
and where high quality in the root 
pass is essential to the integrity of 
the completed weld. 

The process, originally developed 
by the Electric Boat Div., General 
Dynamics Corp., is carried out with 
an inert gas shielded tungsten arc 
torch. The weld groove is first pre- 








For Your Ferrous 
Casting Needs 
Get These... 


Freedoms 


j 
A 


a-X-Yolelu Mice). 
1 Porosity 
2 High Cost Material 
3 Expensive Machining 


4a Metallurgical Variation 
with 

PERMANENT MOLD 

Gray Iron Castings 


Refrigeration 
VALVE BODY 





hs Sona 
Permanent Mold Gray Iron Cast- 
ings by DOSTAL offer many ad- 
vantages. Their structure is uni- 
form and surface scale is elimi- 
nated. These 2 factors permit 
higher speed machining with 
faster feeds. The dimensional 
accuracy and uniformity of 
DOSTAL Permanent Mold Cast- 
ings reduces machining oper- 
ations to a minimum. Permanent 
molded castings are uniform in 
hardness and their structure is 


relstakicielate: porous-free 


DOSTAL 


FOUNDRY ond MACHINE COMPANY 


25) Williams Drive 
stop aan] OME welalilel< 


For more information, Circle Ne. 344 
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FABRICATED 


BASKET SERVICE... 
THAT’S HARD TO BEAT 
at WILLYS MOTORS, inc. 


ALUMINUM FORGE DIVISION 
























hi lA 


Shown in action is one of 24 
similar stainless steel etch baskets 
designed and fabricated by 
Rolock Incorporated. Dimensions 
are 6’ x 3’ x 16%”; load is 500 lbs. 

> ofaluminum forgings... thru the 
| following 6-cycle operations: 
4 A. Acid pickle, 10% sulphuric 
acid, 3% chromic acid solu- 
tion at 160° F. 
B. Cold water rinse. 
C. Etch in 10%-15% caustic so- 
lution at 160°-180° F. 


D. Cold water rinse. 





EK. Bright dip in 10% sulphuric 
acid, 3% chromic acid solu- » This Case History is another demonstration of the value of Rolock engineered- 


tion at 160° F. to-the-job, fabricated-welded design and construction of containers for han- 
I’. Hot water rinse. dling metal parts. 


<4 ages 
= 0 bi 


EACH BASKET has been ° Extended service life reduces costs materially, improves the work, cuts time. 
Rolock design and construction raises the ratio of load to basket weight, thus 


subjected to an average of 125 ‘ , 
again reducing costs. 


cycles per month for more than 
SIX YEARS...and theyre stil] © Rolock engineers welcome your inquiries for baskets, trays, racks, crates, 


going strong... after a total of fixtures, retorts, muffles, vessels, kettles, etc., for heat and corrosion resistant 
about 10,000 cycles. THAT IS applications. 
SERVICE! e Send your tough problems to us for solution. We welcome the challenge. 





Offices in: PHILADELPHIA, CLEVELAND, DETROIT, HOUSTON, CHICAGO, ST. LOUIS, LOS ANGELES, MINNEAPOLIS, PITTSBURGH 


ROLOCK INC. 1282 KINGS HIGHWAY, FAIRFIELD, CONN. 









for better work 
Easier Operation, Lower Cost 


For more information, turn to Reader Service Card, Circle No. 366 


For more information, turn to Reader Service Card, Circle No. 373 











MALLEABLE 
IRON CASTINGS 


that you can depend upon! 


The right connection—for the malleable 
iron parts you need—can be a source of 
satisfaction to you. 


Many, many leading makers of durable 
goods use Moline Iron Works Malleable 
Iron Castings to uphold the quality of 
their products. 


Good service, quality control and reason- 
able prices are three reasons why your 
connection with Moline Iron Works can 
be both a pleasant and profitable one. 
We invite your specifications for quota- 
tion. We machine and finish, if desired. 


The parts shown here are 
representative of our pro- 
duction for automotive, 
farm implement, appliance 


and railroad customers. 


WE SHIP QUICK! 
Phone 4-5676 for Service 


MOLINE 


IRON WORKS 


Moline, Illinois, U. $S. A. 














For more information, turn to Reader Service Card, Circle No. 424 





Another Forward Step in 


IMPROVED SERVICE! 





Another top man is added to the growing staff of Improved 
Seamless Wire Company to provide our customers with the 
closest personal attention to their needs in laminated materials. 


J. WALTER WADE 


Appointed Midwest representative 
333 North Michigan Avenue, Chicago, Illinois 
Phone: CEntral 6-3215 
Serving Wisconsin, Illinois, and Indiana 


JosEPH D. COSTELLO 
California representative: 
2107 Seventh Avenue, Los Angeles, California 
Phone: REpublic 3-6322 
ABE STARK 
New York representative: 


580 Fifth Avenue, New York, New York 
Phone: PLaza 7-1252 
Serving New York City, Long Island and New Jersey 





The Home of IMPROVED Service 
Rhode Island's largest manufacturer 
of Laminated Metals 


= The IMPROVED SEAMLESS WIRE COMPANY 


INCORPORATED 1898 


775 Eddy Street, Providence 5, Rhode Island 
























New Materials, 
Parts and Finishes 
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pared and assembled with the 
insert in place. For optimum qualit, ' 
welds, the back side of the join i} 
should be purged with heliu 
argon. When the arc is applied | 
the front side of the insert there js 
complete fusion during welding wit! 
equally uniform weld contours on th 
back, according to the company 

Use of the EB Weld Insert elim 
nates the need for a backing ring wher 
welding pipe. This results in ; 
reduced restriction to flow of fluids ne 
within the pipe, yet offers the prope: be 
control of the inside bead contours 
normally gained with the backing 
ring. 





Light-Weight Gun 
Aids Spot Welding 


A light-weight (4 Ib) spot welding 
gun using a 3 /32-in. non-consumable, 
thoriated tungsten electrode and an 
inert-gas shield has been marketed by 
Air Reduction Sales Co., 60 E. 42n¢ 
St., New York. 

The Aircospot Gun is said to make 
instantaneous welds on sheets 0! 
stainless steel up to 3/32 in. thick 
and mild and alloy steels up to 1 19 
thick, by contact with one side of the 
work only. The gun eliminates th 
need for many jigs and fixtures. 

The Aircospot unit consists of th 
hand gun, control panel and hose ane 
cable assemblies. Requirements 10! 
use are a standard d.c. power sourc 
and either a motor generator sct 0 | 
a rectifier type machine. The gun 
water-cooled, and uses helium, argo 
or a mixture of the two. 
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A digest of papers, articles, 
of current interest to those in t 


operating efhic 1ency of gas tur- 
s is increased by increased oper- 


reports and books 
he materials field. 


Sintered Refractory Alloys for Gas Turbine Blades 


refractory alloys, made up of metals 
and refractory materials, hold high 


This Month: 


Nine Die Casting Alloys 

What’s Ahead for German Plastics? 
Electroplating on Titanium 
Protecting Mild Steel from Heat 


metals generally used are cobalt, 


nickel. iron, chromium, silicon, bery! 











wit temperatures. These higher yromise of going far toward its solu- lium. titanium. molybdenum, tung- 
< } < < . : e : d ‘ < 
1 the ratures have created the need tion. sten or niobium. The refractory con- 
materials for the turbine blades In the January issue of Metallurgia stitutents are usually metallic car 
lin will maintain resistance to (British) this year, A. Carter, of bides, nitrides, borides, silicides, of 
vher ree] ind general stability under Hard Metal Tools, Ltd., discusses re- oxides. The physical and mechanical 
n service conditions. The experi- cent work done in England on these properties of the materials generally 
luic ntal work on this problem has materials. with particular emphasis lie somewhere between those of the 
Oper been continuous, and the sintered on the titanium carbide alloys. The metal and those of the refractory ma- 
four 
king Properties of Principal Metal-Refractory Alloys 
Transverse Rupture Stress-Rupture Properties 
ci Hardness, Strength, Temp., 100 hr, 1090 hr, 
Alloy Composition, % V.P.N. Temp. < 1000 Psi F < 1000 Psi < 1000 Psi 
«8 Turbide R34 Mediu le-Lel TiC. 20K) 2 T 2 50) 147) 5 c 
urbide R3 edium Nickel TiC-Cr3C; O R 1s 472 32 19.3 
179¢€ 1] 5.4 
Turbide R45 High Nickel TiC-Cr;C; 67 RT 180 138 31.5 23 
1796 9.5 4.7 
WZ Ib 60 TiC, 32 Ni, 8 Ci 1010 R.T 190-210 1472 46 37 
1796 14.2 7 
0 TiC, 40 Ni. 10 Ci 83 R.T 210-24 796 4 8 2 
60 TiC, 28 Co. 12 Cr 116 R.J 56-177 7 7.8 
WZ 12a a> 1%. 15. Ni, § Ge, 3 Ge 1220 R.T 148-163 796 
KI38A 80 TiC-TaC-NbC, 20 Co 89.5 Ra! R.T 150 796 
1400 1796 F 100 
lA 1i1C-TaC-NbC, 20 Ni 89 Ra 5. 150 796 7.4 
1350 
K132B 70 TiC-TaC-NbC, 30 Ni 85 Ra yy 180 1796 
1000 190 
ZrC-Nb 87.5ZrC, 12.5 Nb 1994 F 25.2 
| 2397 F 15.9 
; ¥ . . 
B.C-Fe 64 B.C, 36 Fe 1994 25.2 
2594 F 23.4 
riaegd 
CrB-Ni 85 CrB, 15 Ni 87.4 Ra R.T 123 1498 46 3.5 
1600 2.6 Lod 
Metamic Lt-1 70 Cr, 30 Al,O; 35 Re 
Al.Os-Cr 70 AlzOs, 30 Cr 1100- 1796 6.2 
1200 2196 2 
onic 90 Forged Ni-Co-Cr 250 1498 28 18 
Heat-treated alloy 350 
nic 95 Forged Ni-Co-Cr 1498 31.4 
Heat-treated alloy 1697 Bp 
) ‘ nifies Rockwell ‘‘A"’ Scale and Rc Rockwell “‘C" S 
nifies Room Temperature. 




















PANGEBORN BLASTS 
by don harol 


COST-CUTTING STORY OF THE 
PANGBORN BLAST CLEANING MACHINE 


It (emoves scale 
ruc dirt and’ 
paint aS easy 

as ple 



















clean bridges 


| tanks, buildings, 1 
hulls, ctructuta/ 
nal |, sheck of 
\ ~ like mabic 









































































Pangborn Blast 
Cleaning Machine 
—available in six 
types, stationary 
or portable— 
delivers efficient, 
low-cost main- 
tenance in any 
plant. $188 up. 





For details, write: PANGBORN CORP., 
1700 Pangborn Bivd., Hagerstown, 
Maryland. 


Pangborn 


BLAST CLEANS CHEAPER 


with the right equipment for every job 















50th Anniversary 
Medallion 






For more information, Circle No. 305 
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terial, since both are usually present 
in continuous skeletons. The proper- 


ties are based on the high resistance 
to creep and general high-t temperature 
stability of the refractory phase, com- 
bined with the good thermal shock 
resistance, thermal and elec- 
trical conductivities, and ductile char 
acter of the metal bonding phase. 

At present, the author points out, 
the most important of the materials 
for gas turbine use are the titanium 
carbide They have high hard- 
ness and strength, good thermal con- 
ductivity, low thermal expansion and 
general ‘structural st ability. And, since 
alloys of titanium carbide and nickel. 
cobalt or iron can be sintered with a 
liquid phase in equilibrium with the 
carbide skeleton, sound strong parts 


good 


alloys. 


cont; 





not yet ready to replace convention, th 
blading 
and 


forged alloys in gas 


rotors. the engine rests 
out to date represent only tl 
stage in the introduction of tl 
high-temperature materials. $1 
Some of the corollary pr 
encountered in the developm 
these materials in this use are met| arte 
ods of attaching the blades to {| men 
turbine disks, and the simplificatio agin 
of blade shape in order to reduce th to 
diamond machining required afte time 
sintering. en | 
Titanium carbide-base alloys 
probably be used at higher tempera 


4 
> 


tures than Nimonic blades, but this arte 
increase is limited as the alloys hay Thi 
very little tensile strength at temper vary 
tures of 2370 F and up, owing to tl die- 





can be produced having high creep formation of the liquid rng Not 
strength, high resistance to thermal temperatures in excess of this, poss Ren 
shock, and, after suitable alloying, bly the chromium-alumina cermet T 
good oxidation resistance. will be used. The accompanying tab 107 
More is known about these alloys, gives the composition and properties me 
according to the author, than about of the principal metal-refractory ms 
any other type of metal-refractory loys, showing those of two Nimon A Hov 
alloy. However, even these alloys are alloys for purposes of comparison. 4 ih 
ifron 

Mechanical Properties of Nine Aluminum Die-Casting Alloys ‘' 
pple 

With the introduction of the cold Society Annual Meeting this year, Biygthe 
chamber die-casting process, along C. O. Smith, Aluminum Company pnet 
with the development of stronger America, described typical mecha ing 
aluminum alloys suitable to this proc- ical properties of nine of the m pbe : 
ess, the use of aluminum die-casting common aluminum alloys used 1 pour: 
for load bearing applications has this process. Particular attention wa § pith 
grown considerably. In a paper given given to SC84 B alloy (Alcoa 380) Fast 
before the American Foundrymen’s since it is generally considered to b with 


Typical Mechanical Properties of Aluminum Die-Casting Alloys (1) 





rut 





218 GBA 45,000 27,000 


360 SG100B | 44,000 | 27,000 
A360 SGI00A | 41,000 | 23,000 
380 SC84B 43,000 | 26,000 











A380 SC84A 21,000 











42,000 





384 46,000 27,000 











Alloy Designation Tensile Compres- 4 
Tensile Yield Elongation | sive Yield | Shearing | Endurance ; f] 

Strength (Strength(2)| in 2 in. Strength (2) Strength | Limit(3) |e 
Alcoa ASTM psi psi o psi psi psi 
mpc! 
13 S12B 39,000 21,000 2.0 15,000 25,000 19,000 | man tf 
NA 
43 $5C 30,000 16,000 9.0 13,000 19,000 17,000 hey 
85 SC54B 40,000 24,000 3.0 19,000 26,000 23,000 and 


23,000 28,000 23,000 


20,000 28,000 20,000 | 


18,000 26,000 | 





21,000 28,000 





17,000 27,000 








21,000 29,000 21,000 | 





NOTE: 
(1) Tensile properties are average 
4 in. in dia, produced in a c 
(2) Offset equals 0.2 per cent. 
(3) Based on 500,000,000 cycles 


values obtained from 
dd chamber (high-pressure) die-casting machine. 


of i om pletely reversed stress u sing R. R. 






ASTM sta 


ndard round die-cast test 






Moore type machine and 
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put real 
9 
gales appeal in 
* 
| ‘| general purpose alloy, and your products with 
th ects of elevated temperatures 
A ulloys were emphasized. MUELLER BRASS CQ. 


mnpreciable reduction in the 


ties of 380 alloy occurs until j ° 
erature of about 250 F or over | orgings 
hed. With the increase in tem- 
above this range, the tensile 
| yield strengths decrease sharply 
after a 14-hr exposure. An improve- 
in properties due to artificial 
aging occurs in the alloy when heated 
to 212 F for extended periods of 
time: however, this is not noticeable 
in the alloy at higher temperatures. 
©) It probably occurs to some extent, but 
only for very limited periods of time, 
Py .fter which the properties decrease. 
have We L his behavior is found to occur in 
Svarying degrees in all the aluminum 
die-casting alloys. 


continued 
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For J Notch and Surface | 
Poss Removal Effects 
a The notch endurance limit of Alloy 
D 380 rotating beam specimens was 
onan found to be about 35 to 40% of that 
‘Y * Beobtained with smooth specimens. 
monk BS However, the author points out that 
oan Ssuch a reduction of endurance limit were | chi. 
—— § Sfrom a notch is not surprising since sleet ia = on — sa 64 ae: eee 
Iloys Sthe stress is calculated from the sim- _- 
ole elastic beam formula in which | 
1¢ minimum diameter of the speci- | 


Sete. vel 


alot haces 





ot 


<a RM! 
eh 




























yd 
any of [uemen is used. What did seem surpris- 
echar ing was the fact that there seemed to 
m be no appreciable difference in en- 
ed in Mecurance limits for those specimens 
yn was [eewith machined notches as opposed to 
201) mcast notches, nor between specimens 
1 | Pwith notches of 0.001-in. root radii a : Caan eel 
and notches with 1/32-in. root radii. Windows in this modern new Florida hospital supplied by 
(1) Valley Metal Products Co.—subsidiary, Mueller Brass Co. 


Future of Plastics 
‘es pg Germany 


The aluminum hardware used on all the windows in this modern 


hospital is a good example of the sales appeal that can be built 


» <a 








psi Since , : ‘ ‘ 
— since 1951, Western Germany has | into a product with Mueller Brass Co. forgings. These forgings are 
bccn second only to the United States , ; ee , . 
19,000 |B the production of plastics in the smart in design, practical in operation, and low in cost. They can also 
ies # am rn Hemisphere. In that year be produced in natural bronze or chrome finish depending on the 
9 1€ ITC . ‘ itai ° . . 
it " inched ahead of Great Britain | desires of the architect or builder. 
23,00 |mend last year held a commanding | 
\Memmecad «Of 264 ° ° 
in aan : nee € nate tons ee! ——s All Mueller Brass Co. forgings have a dense, close-grained structure 
\eaeth 214, ons production in ; ; ‘ ; ‘ ; 
10.000 |Meat Britain, These totes are pointed with a high tensile strength. Weight savings up to 40% are possible 
i | ‘ 3 i a brief article on the German in the design of parts because of the close tolerances to which 
18;,\ Plastis industry by Gerhard Matulat . 
f fen the first issue of etek, faded they can be produced. Less scrap and longer tool life result 
20,000 | # . . pre 
Pee’ (Oerman) this year. from the easy machinability of forged parts. Mueller Brass Co. 
20,000 | A ese . * i 
heii : Pp mala "tee at ae iy toe is completely equipped to produce brass, bronze or aluminum 
* - o O eic tota , a , 
21,000 | k plas production. This figure is not | forgings to your specifications. For complete details, 
5 —h6? to rise as long as Germany’s | write us today. 
ints ODP iors in the rest of the West- 
mn d maintain high tariff walls 
; thy information, Circle No. “400 > MUELLER BRASS co. 
rHODS UI 1954 


PORT HURON 16, MICHIGAN 





1 29 parts 








| with partial 





use of Durez 





Q Parts 





with full 


use of Durez 




















Too many parts in your products 7 


Could be — in the light of new devel- 


opments in Durez phenolic plastics. 


Yet cutting down on parts is often 
only the kick-off benefit of product de- 
velopment with these materials. Others 
can be lower material costs, lower pro- 
duction costs, reduced shipping weight, 
less breakage or damage in handling, 


better service in use. improved appear- 


ance, and greater sales appeal. 


Known with good reason as the 
work-horse of the engineering plastics, 
phenolics have been the specialty of 








MOLDING COMPOUNDS. Structur- 
al, electrical, and chemical prop- 
erties in many combinations 


PHENOLIC 
PLASTICS 


for the new 
Competitive Era 


Durez for more than three decades... 


we are exceptionally qualified to co 


sel with your design engineers 


molders in applying them most profit- 


ably to your business. 


un- 


and 


Molex Products Co. hit the jackpot 


in eliminating parts by redesigning this 


Morton’s salt tablet dispenser. Could 


you do as well —in this or other ben- 


efits of modern phenolics application? 


We'd like to help you find out. 


Durez Plastics & Chemicals, Inc., 


1407 Walck Rd., N. Tonawanda, N. 


=X. 
w= 


RESINS FOR INDUSTRY. Bonding, 
Casting, Coating, laminating, im- 
pregnating, and shell molding. 


For more information, turn to Reader Service Card, Circle No. 361 
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continued 


and are aided by government s 
zation Ch fore, the imn 
future of the industry 1n that 


lies predominantly in increased home 
Germat 
responsibility — fo, 
bringing this about lies 1) with the 
producers in increasing the quality 
and reducing the price of their mate 
rials, and 2) with the processors ip 
selling the public on the merits 
of plastics by manufacturing well 
engineered, attractive goods. The & 
signer must be made more aware of 
the advantages peculiar to plastics 
and the man in the street must come 
to know as much about these mate. 
rials as he does about wood, iron 
glass and rubber. 

The author points out that a con. 
servative estimate of the capital in 
vestment needs of the West German 
plastics industry up to the end 
1955 1s 


consumption, and in 
elsewhere, the 


150 million German marks 
(35.7 million dollars). At present 
there is no operating capital market 
capable of supplying the long-term 
credits needed for investment on 
this scale. And finally Mr. Matulat 
emphasizes the uncertainty of the in- 
dustry due to its dependency on the 
politic al future of Europe. The 

fication of Germany 
potential market of 18 million peo 
who are East 
addition, if the chemical and pis 
capacities of East Germany we 

orated with those of West Gem 


would add 


now in Germany 


the German plast ics economy 
be greatly improved 


How to Electroplate Titaniun 


Electroplating on titanium may b 
necessary for decorative purposes, fo! 
improved resistance to high-temper# 
ture gases, for improved mechanic 
properties of the surface, or to aid 1! 
the joining of titanium parts. Sine 
titanium is a highly active metal an¢ 
forms an impervious and tightly ad 
herent oxide film on its surface, 
has been extremely difficult to obtai® 
a good electroplate on the metal 

In a paper printed in the No 
1953 issue of the Journal of the Ele 
trochemical Society, W. H. Colnet 
M. Feinleib, and J. N. Reding «eta! 
a method for gaining a highly adhe 
ent electroplate on the metal. 

By anodically etching the surlat 
of the material in a solution ase 


MATERIALS 


& METHODS 


5 
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for resilient strength 
specify 


H 0 U G H T N rubber-impregnated 





When you're out after big game-fish, you'll switch to your 
deep-sea rod to get greater strength and resilience. And 
when you want more resilient strength in your packings, 
VIM 1243 is the answer. 

Take the long life, strength and low friction of leather; 
add to it a thorough impregnation of non-porous resilient 
rubber, 


been beaten. 


and you have a combination that hasn't yet 


We've designed these No. 1243 packings to take operat- 
ing pressures from O to 15,000 pounds. . . temperatures 
from minus 65° to 200° F in oil or pneumatic applications. 

If these unique qualifications match your packing needs, 
get in touch with the Houghton Man. Or get further details 
on VIM rubber-impregnated leather packings by writing 
to E. F. Houghton & Co., 303 W. Lehigh Ave., Phila- 


delphia 33, Pa. 
VIM LEATHER PACKINGS 1243 


Ready to give you 


on-the-job service . 






For more information, turn to Reader Service Card, Circle No. 468 


VIM LEATHER PACKINGS 1243 
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on HF and ethylene glycol befo, 
plating, good copper electropla 

to 0.005 in. thick were obtained. Th, 
authors point out that the bon 
mechanical one due to the interlocl 
ing of the plate with the roughened 
surface of the titanium. Under cop 
trolled conditions of temperature and 
current density, the plated metal ap 
pears to throw well into the cavities 
created by the etching action. 


Protection of Mild Steel at 
High Temperatures 


Mild steel can be used for many 
purposes at elevated temperatures if 
it is protected from oxidation. This 
can be done in several ways; the sur. 
face of the steel can be impregnated 
with metals with intrinsically higher 
resistance to oxidation, or various 
types of vitreous enamels can be ap. 
plied. 

In the April, 1954 issue of Meta 
lurgia (British) A. H. Sully, I 
Brandes, and R. H. Brown, discuss 
the results of comparative tests at the 
Fulmer Research Institute on_ this 
problem. Temperatures used ranged 
upwards of 1290 F. The results of 
their tests indicated that in terms of 
absolute resistance to oxidation, im 
pregnation with chromium is_ the 
most effective treatment. Althoug! 
oxidation-time curves for aluminum: 
protected specimens show _ larger 
weight increases than those for the 
chromium- protected specimens, m 
degree of protection afforded by th 
aluminum seems to be adequate fo 
most applications at around 1290 F 
At higher temperatures, the authors 
indicate that the chromium would 
probably show a greater superiorit} 
over the aluminum, although thei 
present work did not extend into this 
area. 

Certain of the enamel coatings 
tested showed a surprising degree of 
protection at 1290 F. The most suc 
cessful was a U. S. National Bureau 
of Standards coating, A.417, which 
at a thickness of 0.002 in. withstood 
oxidation for 1000 hr at 1290 F 
These coatings were applied by spray: 
ing an aqueous slip, and firing « 
ay i a of around 1650 to 183! 

for 3 to 5 min. However, the 
aa believe that 1290 F is the 


é 


approximate limiting temperatu: a Ps 


this type of coating for long pe: iods 


of service. 


MATERIALS & METHODS] 


+) - re 
: i 4-8) aad 




































Enc 


10! 
vi0 
aut 

cat 
SO 


pra 


WO 
use 
LOS 


= 


ert 






iened 

Con- 
© and 
1 ap- 


Vities 


al 





fontents Noted 





Books 


Engineering Alloys. Norman E. 
Wo in. American Society for 
uf Cleveland, Ohio, 1954. 
Cloth, 6 by 9 in. 1034 pages. Price 

[he third edition of this well- 
known compilation on engineering 
alloys follows the system used pre- 
viously. During the seven years which 
have passed since the publication of 
the second edition, data on more than 
7000 new proprietary alloys have 
been accumulated. These materials 
are incorporated in this edition. 

The section on uses and applica- 


| tions which was published in the pre- 
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» vious editions has been deleted. The 
» author states that the possible appli- 


cations of specific alloys have become 


™ so numerous that this section has no 


practical value. 

To the engineer and metallurgist 
who must answer such questions as 
“What is the composition of—alloy”’ 
or “Who makes—alloy”, this book 
is invaluable. 


Metals and How to Weld Them. 
T. B. Jefferson and Gorham Woods. 
James F. Lincoln Arc Welding Foun- 
dation, Cleveland 17, Ohio, 1954. 
Cloth, 6 by 9 im. 322 pages. Price 
$2.00. 

This is a combination text and ref- 
erence book which aims to supply a 
working knowledge of welding to all 
users. It is organized to explain in 
logical steps, the structures and prop- 
erties of metals and welding proce- 
dures for them. 

The first 6 chapers are devoted to 
an elementary discussion of metals 


Ss and their properties. This section is 


followed by chapters on welding and 
heat treatment in general. Ten chap- 
ters are then devoted to procedures 
tor the welding of specific materials 
principally iron and steels, although 
a chapter on welding the non-ferrous 
metals is included. The final section 
is devoted to information on making 
good welds, trouble shooting, cost 
estimating, and an explanation of 
welding terms. 

The book should prove useful to 
the welding operator, supervisor, in- 
structor and student for class or home 
Stucy use, 


Titonium and Titanium Alloys. 
of” L. Everhart. Reinhold Publish- 
me Corp., New York 36, N.Y., 
. Cloth, 4Y/, by 6Y, in. 184 pp. 
rice $3.00. 


ho! 


_first in a new series of Rein- 
Pilot Books, this work is in- 
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JULY, 1954 



































precision’ in 


MOLDED RUBBER PARTS 
specify }()()GHTON 


If you need precision in your molded rubber parts we've 


got just the problem-solving staff you're looking for. 


We've a wide range of rubber compounds on hand, 
full manufacturing facilities and an engineering depart- 


ment at your service. Let us check your specifications. 


You'll get prompt service. Teamwork speeds your 
order into production without delay. And the price is 
right—aimed to keep your production costs down. 


Tell your needs to the Houghton Man or write to 
E. F. Houghton & Co., 303 W. Lehigh Ave., Phila- 
delphia 33, Pa. 


VIX-SYN Molded Rubber Parts & 
. . +» products of 








Ready to give you 
on-the-job service... 


For more information, turn to Reader Service Card, Circle No. 469 
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: tended for the engineer or desig 
HIGH ALLOY interested in the possibilities 
eas te plying titanium in the solution 
CAS] INGS problem S [he author present 


a selective review of the work covere 
in scientific and technical journa 
and business publications, supp 


nL. Se 


mented with information obtaine 
from the producers of the comme 
cial materials. Dealing with the eng 
neering and fabricating properties 

titanium, the book includes chapter 








on High Purity Titanium a vered ‘ 
Carburizing Fixture for Ball very briefl y); Properties of Comme: | 
Bearings 144” diameter— iT Pp fC . 
Analysis 35% Ni—15% Cr cla itanium, rope rties O ommer 


cial Titanium Alloys, Heat Thee. 
ment, Forming and Fabricating, Join. 
ing, Machining and Grinding, an | 
) Cleaning and Finishing. 

HIGH ALLOY Written in  easy-to-understand 
terms, this book clearly indicates the 

CASTINGS present state of knowledge of titan 
um technology and points to some o! 
the directions in which progress ca 
be expected. 





_~a eet ee “| FF es Sf 


Graphics in Engineering and Sci- 
ence. A. S. Levens. John Wiley & 
Sons, Inc., New York 16, N.Y 
1954. Cloth, 7 by 10 in. 696 pp. Pric 
$7.00. 
| This work has two principal ob- = 
jectives: to help the reader obtain 
greater appreciation of this importan' 
mode of expression, and to enabi 
him to use it in analyzing and solv! 
problems in science and engineering 
Part I of the book, dealing with or 
thogonal projection, applies basic 
concepts to a variety of problems an 
emphasizes the analysis necessary 
their solution. Part II deals with re 
| ognized standards, the importance 0! 
Muffle for Continuous Strip Annealing technique and the development of 
12’ 6” long — Analysis 38% Ni—18% Cr. | freehand drawing as a means tov ards 
| intelligible expression. In Part Ill 


sive 











LARGE or small DURALOY, can do it! These are the author is concerned with graph 
just typical examples of the work moving through our cal solutions and computations. 
foundry. Some of these castings are designed for heat 


Machinery’s Handbook, Fifteenth 


Haseena ons lcci S42 


resistance, some for corrosion resistance, some for Edition Erik Ober poe Franklin 
abrasion resistance; all are cast by experienced D Jones. The Industrial Press, New 
foundrymen. All are carefully tested in our | York 13, N. Y., 1954. Cloth, 5 by § 
up-to-date laboratory. in. 1911 pp. Price $9.00; vy 92 
cents for postage to Canada and « 


If you have a high alloy casting problem... LARGE or 
small, we can help you. For more information, send 


for Bulletin No. 3150-G. 


Seas. 

Here is a reference book on mé 
chine design and shop practice for 
the mechanical engineer, draftsmat. 
toolmaker, and machinist. It make 


L 1 H available in ready-to-use form the 
q HE UJ iF 1 1 COM PANY new and hard-to-get as well as the 
| established standard data: and infot 





nd Plant. Scottdale, Pa.- Eastern Office: 12 East 41st Street, New York 17, N.Y | mation needed by the mechanic: | in J 
Shion & tes te we | dustries. This latest edition combines 
ays ediiees Asonu: | all of the valuable features of earli¢ 


y * New Orleans * St. Louis * Tuls: editions with the most recent and use 





For more information, turn to Reader Service Card, Circle No. 403 
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e information, turn to Reader Service Card, Circle No. 310 


Specialized Facilities 
cut Die-Casting Costs 


For 1 
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luminum castings of all sizes .. . large zinc castings 
rstand ... made on most modern equipment for each. All 
es tt machines designed or adapted by Dollin for greatest 
sin! productivity. Small zinc castings—1000 per Ib. to 3 per 
a lb.—made at production speeds of screw machines, 
Me ol stamping presses on Dollin-designed fully automatic 
SS Car machines. Write for General Bulletin or Small Parts 


Folder & Samples. Send prints or samples for quotation. 
Engineering advice at ¥~ ees Dollin Corp., 610 
d Sci- So. 21st St., Irvington 11, 


“| DOLLINoir:casrings 
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“toed You Machine Irregular or 
ns and ° 
ry fo Delicate Parts and must 
h re . . 
name make special chuck jaws— 
nt ol 
wards 
rt Ill, 
raph 
eenth 
anklin 3 OU can save Time and Money 
, New 4 when making work holding 
by § q tools for small parts of square, 
dd 9. @ rectangular or irregular section. 
d over . Cerromatrix Speed Chucks and 

. : Nests for Drill Jigs are made in 

a a jiffy with almost no machining. 
-e fot 
ides si Be prepared for the next tough 
val i i chucking problem. Write at once 
n the [a for Bulletin B5 to get full details. 
as the i 
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Dept. 8, 40 Wall St. N. Y. 5, N. Y. 








more information, turn to Reader Service Card, Circle No. 365 
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For more information, turn to Reader Service Card, Circle No. 413 


i ‘Your Blueprint In Plastics” 


ALL MATERIALS - ALL PROCESSES 


Custom 
Molding 


oo ee we eee wens j 


eoece 


CONSOLIDATED 


MOLDED PRODUCTS CORPORATION 


SCRANTON 2, PENNA. 




















FLExLoc Self-Locking Nuts lock and stay tight, no 
matter how severe the vibration. Yet they can be easily 
removed and reused repeatedly. They are stop nuts too; 
they stay put in any position on a bolt when the locking 
threads are fully engaged. And FLEXLOCs are one piece, 
all metal—nothing to assemble, come apart, lose or 
forget. See your local industrial distributor for literature 
and samples or write STANDARD PRESSED STEEL Co., 
Jenkintown 60, Pa. 


FLEXLOC LOCKNUT DIVISION 





JENKINTOWN 


For more information, turn to Reader Service Card, Circle No. 307 
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PENNSYLVANIA 























HERE’S LOW-COST 
POSITIVE TEMPERATURE CONTROL 


with C2Z7z0z ACCURACY 


a 


Alnor 

Temperature Controller 
Now-—at a cost far less than you 
may think—you can bring automatic 
precise temperature control to heat-treat- 
ing furnaces, bake-ovens, etc.—in fact, 
to any heating device whether electrically 
heated or fuel fired. The Alnor Controller is 
simple in design and operation—you merely 
set the pointer at the desired cut-off tempera- 
ture, and it’s ready to give you the finest in 
accurate controller service on new or existing 
heating equipment. Alnor quality throughout, 
it features the famous double air gap pyrometer 
movement; easily read, 6-inch mirrored scale; 
automatic cold-end compensator; weather-proof, 
dust-tight case—a truly rugged, precise instrument 
at a price you can afford. Write today for complete 
information and price. Illinois Testing Laboratories, 
Inc., Room 522, 420 N. LaSalle St., Chicago 10, Ill. 





PRECISION INSTRUMENTS. 





For more information, turn to Reader Service Card, Circle No. 418 
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ful data obtainable. It contain: 
pages of mechanical tables, rul 
mulae and general data 


The Properties of Glass. A 
Monograph +£124. George W. Mo 
ey, Reinhold Publishing Corp., N: 
York 36, N.Y., 1954. Cloth, 6 | 

m. 591 pp. Price $16.50. 

This up-to-date revision will | 
welcomed particularly by the glass en. 
gineer and technologist who desire 
a critical review of the entire field o 
glass research, the scientist who mus 
apply data on glass to other fields of 
research, and the general reader wh 
wants information on glass in gen 
eral. This new edition is larger thar 
its predecessor and contains a greate: 
number of tables and _ illustrations 
Completely new sections on non-sil 
cate glasses and the effects of radi: 
tion on glass have been added. Litera. 
ture references through the middle: 
1953 are included. 


Handbook of Industrial Electro- 
plating. E. A. Ollard and E. B 
Smith. lliffe and Sons, Ltd., Londo 
S.E. 1, England, 1954. Cloth, 6 by 
in. 364 

The Handbook is intended fo: 
those whose duty it is to design, erect 
maintain or operate electrodepositi 
plants, and also for laboratory work 
ers who have to deal with the testing 
and maintenance of plating solutions 
This second edition contains new s¢ 
tions dealing with water and drair 
age, the purification of solutions, saf 
ety precautions and ventilation 
plating shops. Many new formulae 
for solutions as well as details of the 


latest advances in testing deposits at B® py; 
given, while a number of addition B® ,,, 
tables for references have been proc B® ,, 
vided. D re 


1953 Supplements to Book o , 
ASTM Standards. American Sot! 
ety for Testing Materials, Philade 
phia 3, Penna., 1954. Price, $3.5 
per part—or $24.50 for complete s 
of seven parts. | 

The 1953 Supplements, issued 
seven parts, give in their latest for 
325 specifications, tests and defin! 
tions which were either issued for tht 
first time in 1953 or revised sinc 
their appearance in the 1952 Book 
Part 1. Ferrous Metals. 380 pags 5 
This includes 62 standards coverit! © 
steel piping materials (welded a 
seamless, high-temperature servic 
stainless, etc.), steel tubes (heat & 
changer and condenser, still tubes {0 


gy ee 2 in 
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THE MOST AMAZING js SopBaRe 
FINISH DEVELOPMENT IN 100 YEARS! =. 


ee | 


WHAT IS COLOR- 
FLECKED PLEXTONE? 


A completely new multicolored in- 
dustrial finish in which colors exist 
separately. When sprayed, they form 
an interlacing color network of amaz- 


(Mfd. under U.S. Pat. No. 2591904) ing beauty and durability. 


CHARACTERISTICS 


vill Lacquer base ® Air dries approx. 30 


~~ Imagine — a textured and MULTICOLORED finish i has 6 ee i 
Selld ol —sprayed at one time, from one gun, in one coat * Available in flat or semi-gloss ¢ 
O mus that covers surface flaws and blemishes completely! eo ee eee < Bee 


surface imperfections, covers porous 


Mor 
Ne 























Mache materials © Remarkable abrasion re- 
Nn ven. sistance ® Good chemical resistance 
*r thar ® Does not stain ¢ Can be scrubbed, 
oreater even scoured ® Quick and easy 
ations touch-up, without showing ® Available 
on-sil in non-toxic grades * Bonds readily 
* radia to primed wood, metals such as cast 
Litera. iron, steel, aluminum, brass, copper, 
ddle of zinc; also plastics, woven fabrics, 
wallboard, paper, cement, plaster, 
papier-mache forms. 
ry USES 
0 a Y Manufacturers from coast to coast 
6 by are using PLEXTONE to finish such 
products as Caskets ® Displays ® 
ed for Furniture, ¢ Kitchen cabinets ® Ma- 
. erect chinery * Office panels and parti- 
sit tions ® Sewing machine tables ® 
r work Silver chests ©@ Signs © Store fix- 
testing tures © Switch gear housings ® 
lutions PLEXTONE Alpine Green, ; Table lamps and shades @ Toys ® 
. 2 one of many standard pre-mixed colors available for prompt ship- ae * vee 
soy ment. Also available in solid colors and in custom multicolors. 
nel . PLEXTONE — CUTS FINISHING COSTS PLEXTONE — AN UNBELIEVABLY PLEXTONE — DRAMATIC SALES 
of the iam UP TO 35% | RUGGED FINISH | APPEAL OF MULTICOLOR! 
Sits att » PLEXTONE often eliminates many pre-finishing | PLEXTONE'’s color flecks go “through-the-film''! | Color-flecked PLEXTONE offers endless new effects 
litiona q steps on wood or metals. Usually no more than Resists chipping, cracking and abrasion... defies |... from subtle tones-on-tone to brilliant spatter- 
NN pro one coat of primer and one PLEXTONE coat are | alcohol, grease, and oil! So tough, it can be | dash... two, three or more colors sprayed from 
4 required! And PLEXTONE's texture hides wood | washed, scrubbed, even scoured with abrasive | one gun at one time! New sales appeal for any 
ok of a knots, metal weld marks, flaws and blemishes. | cleansers without surface damage! and all products. 
hd Soci rs cman a ae 1 Mail Coupon Today—Send for FREE color chips. See some of the many color 
bilade! PROVE IT T0 YOU RSELF = | combinations possible. Mail coupon NOW for FREE color chips, PLEXTONE 
$3.51 ew ae = | sample and complete application data. 
lete sé 
c--------- ee 
ued if | PLEXTONE® 
t form MAAS & WALDSTEIN co | MAAS AND WALDSTEIN CO., PLEXTONE DIVISION 
defin- “e | 2112 McCarter Highway, Newark 4, New Jersey 
for the 21 12 McCARTER HIGHWAY, NEWARK 4, NEW JERSEY | ee ge send me FREE color chips, PLEXTONE sample, 
ince 4 and application data. 
e< Midwest Division: 1658 Carroll Ave., Chicago 12, Ill. ben ance: interested to MinOD 
page i Pacific Coast Division: ae vl its aii * 
0 . »mith-Davis Company, 10751 Venice Blivd., Los Angeles 34 iti eee : eu 
2 PIONEERS IN PROTECTION | Address atlases i 
* fo | City 8 SS eee 
’ opie UL: 195 4 For more information, turn to Reader Service Card, Circle No. 502 
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we SICON Silicone Coating 


ow 


Operator masks end of combustion 
chamber with simple cardboard 
shields as he applies SICON finish 
to resist temperatures up to 800°F. 


This J-35 afterburner shroud as- 
sembly has been masked at critical 
hole patterns and threaded attach- 
ments before being sprayed with 
SICON silicone coating. 


Allison J-35 A-35 assembly of Solar-built 
parts. SICON is used as a protective coating 
on combustion chambers, aft-frames, other 
jet engine ports, ond afterburners. 


HEAT RESISTANCE UP T0 
800°F. plus 
EASY APPLICATION 


An example of how SICON 
solves Finish Problems 
for Design Engineers. 


Jet engine parts made by Solar Aircraft 
are fabricated from special aluminized 
steel to meet conditions of extremely high 
temperatures. Certain welding operations 
destroy the aluminized surface, and at such 
critical points SICON was first adopted as 
a touch-up finish to renew vital protection 
needed. SICON proved stable under sear- 
ing heat tests due to its strong film adhe- 
sion and excellent heat resistance charac- 
teristics, also so easy and fast to apply that 
many parts are now given an all-over 
SICON coating. 

Rigorous heat tests have proved SICON 
best for many other products such as 
automobile manifolds, exhaust pipes, fur- 
naces, and heaters. SICON is easy to apply, 
by brush, spray, or dip, to any chemically 
clean surface; and in many cases can be 
either air-dried or baked. 

Decorative colors for lower temperature 
needs—whites, beiges, tans, and other 
shades, all with excellent retention of 
color and gloss in the 550°F. range, are 
now available. 


Write us about your problem. If a SICON formula- 
tion is indicated we will provide a sample based on 
color and temperature requirements. 


ID LAND Sidushial Finch QN “J 


EAST WATER ST., WAUKEGAN, ILLINOIS 
ENAMELS*+SYNTHETICS+LACQUERS*VARNISHES 


For more information, turn to Reader Sevice Card, Circle No. 390 
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refinery service, seamless and welded 
for general service, etc.), stri 
and plate, bolting materials, forging 
rails and accessories, concrete rej; 
forcement steel, metallic coated stee| 
products, welding electrodes ap 
rods, cast iron, magnetic materials 
and the Tentative Methods and Def 
nitions for Mechanical Testing of 
Steel Products (A 370-53 T). Part 2 
Non-Ferrous Metals. 288 pages. In. 
cluded here are 49 standards coverine 
metallic electrical conductors, Copper 
and copper-base alloys, aluminun 
and aluminum-base alloys, magnesi. 
um and magnesium-base alloys, sol. 
der metal, die cast metals and alloys 
electrical resistance and related alloys 
metal powder products, electrodepos. 
ited metallic coatings, general testing 
methods. Part 3. Cement, Concrete 
Ceramics, Thermal Insulation, Road 
Materials, Water- proofing, Soils. 40 
pages. This part contains 62 stand 
ards. Part 4. Paint, Naval Store 
Wood, Fire Tests, Sandwich Con. 
structions, Building Constructions, 
Wax Polishes. 174 pages. Included 
here are 30 standards covering pig 
ments (white and nonhiding), dry- 
ing oils and thinners, shellac, varnish, 
lacquer, and related products, traffic 
paint (roundness of glass spheres), 
general paint tests, naval stores, wood 
and wood preservatives, structural 
sandwich constructions, wax polishes 
fire tests, specifications for ASTM 
Thermometers, general testing meth: 
ods, Part 5. Fuels, Petroleum, <Aro- 
matic Hydrocarbons, Engine Ant 
Freezes. 348 pages, 47 standards 
Part 6. Rubber Plastics, Electrical In- 
sulation. 208 pages, 28 standards 
Part 7. Textiles, Soap, Water, Paper, 
Adhesives, Shipping Containers. 308 
pages, 47 standards. 


Facts About Stampings. Presité 
Metal Institute, Cleveland 20, Ohio, 
1954. Paper, 5-/> by 81/, in. 32 pp 
Price 50 cents. 

This book is offered as an aid to 
those who are faced with problems 
in the designing and redesigning 0! 
parts for metal stamping products 
Included in the subjects covered are: 
Holes, Flanges, Flanges and Radi 
Layout, Notches and Slots, Gage !- 
spection, Tolerances, Steel Gages, D' 
mensions, Checklist for Prints, Press 
Section, Definitions, and suggeste¢ 
Terms and Conditions of, Sale for thé 
Industry. 


Chemical Engineering in Practice 
Edited by James I. Harper. Reinhola 
Publishing Corp., New York 36 
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a special message 
for manufacturers of 
automotive equipment 





need a finish for low cost 
corrosion protection or 
showroom sparkle? 


ON ZINC AND CADMIUM you can get highly corrosion resistant 
finishes to meet any military or civilian specifications and 
ranging in appearance from olive drab through sparkling 


bright and dyed colors. 


ON COPPER... Iridite brightens copper, 


plating by reducing the need for buffing. 


ON ALUMINUM Iridite gives you a choice of natural alumi- 
num, a golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. Process in 


bulk. 


ON MAGNESIUM Iridite provides a highly protective film in 
deepening shades of brown. No boiling, elaborate cleaning 


or long immersions, 


specify 


Whether you’re finishing non-ferrous parts for high corrosion 
protection, paint base, or for showroom sales appeal, you can 
be sure of low material and production costs and peak perform- 
ance when you specify Iridite. Here’s what you can do with 
Iridite: 


keeps it tarnish- 
free; also lets you drastically cut the cost of copper-chrome 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature by 
dip, brush or spray. No electrolysis. No special equipment. No 
exhausts. No specially trained operators. Single dip for basic 
coatings. Double dip for dye colors. The protective Iridite 
coating is not a superimposed film, cannot flake, chip or peel. 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete 
data. Write direct or call in your Iridite Field Engineer. He's listed under 
“Plating Supplies” in your classified telephone book. 


lridite is approved under government specifications 





INCORPORATED 


Acco Research P 


4004-06 E. MONUMENT STREET © BALTIMORE 5. MD 





Manufacturers of Iridite Finishes for Corrosion Protection and Paint 
Systems on Non-Ferrous Metals, ARP Plating Chemicals. 


WEST COAST LICENSEE: L. H. Butcher Co. 


For more information, turn to Reader Service Card, Circle No. 354 
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N.Y., 1954. Cloth, 5 by 8 in. j 
Price $3.00 

This book is based on a sym 
entitled ‘Chemical Engineer; 
Industries” sponsore 
jointly by the Philadelphia-Wilming 
ton section of the American Instityte 
of Chemical Engineers and the Dx 
partment of Chemical Engineering 
University of Pennsylvania. Designe 
for chemical engineers at all level; 
students who must choose their field: 
of endeavor, and management me ie 
who must organize and direct the 
ordinated activities of various eng 
neering teams, the book emphasize 
the varied roles of the chemical engi. 
neer in industry, and how various 
phases of research are integrated to 
produce the best over-all result. 


the Prox ess 





Reports 


Additives and Molybdenum Dis- 
ilicide Effects of Some Metal Ad 
ditions on Properties of Molybdenu 
Disilicide. H. A. DeVincentis ani 
W. E. Russell, May 1954. NACA 
RM E54B15, 22 pp, diagrams, pho- 
tographs, 6 tables. Available fr 
National Advisory Committee 
Aeronautics, 1724 “F’ St., NW 
Wash. 25, D.C. The report covers 
investigations of the effect of 
addition of approximately 6% nick« 
cobalt, or platinum on some prop- 
erties of molybdenum disilicide. The 
additions lowered the modulus-ot: 
rupture strength, decreased resistanc 
to oxidation at higher temperatures 
and did not affect the thermal shock 
resistance. 

Overstressed Steel Statistical Stuc 
of Overstressing in Steel. G. £ 
Dieter, G. T. Horne and R. F. Meh: 
Carnegie Institute of Technolog) 
Apr. 1954. NACA TN 3211, 34 pp 
diagrams, photographs, 7 tables 
Available from National Advisor 
Committee for Aeronautics, 1724 
“PF” St., N.W., Wash. 25, D.C. Mi 
terial studied was SAE 4340 ste¢! 
The first part of report covers the 
effect of microstructure on the fatigue 
damage produced by overstressing 
Fatigue damage was measured y 
the percentage decrease in fatigut 
life at the test stress for specimen 
subjected to various cycle ratios © 
fatigue damage at the _pre-siress 
Second part covered the effect of # 
certain amount of overstressing © 
the endurance limit. | 


(Continued on page 180) 
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pee LIKE everything about this new family 
of Taylor paper-base laminates — including 
their price. They’re a new kind of hot-punch 
laminate, uniform all the way through, with no 
surface overlay of resin. 


In insulation resistance, water absorption, 
power factor, flame retardance and dimensional 
stability, they’ll meet or exceed your strictest 
specifications. And they punch and stake so 
well . . . with smooth surfaces and clean edges 
. .. that you can produce complex parts with 
maximum utilization of each sheet. 


Four different grades are available in produc- 
tion quantities, in standard sheet size of ap- 
proximately 49” by 49”: 


XXXP-301 .. . the top grade laminate with unu- 
sually high insulation resistance, lowest water 
absorption. ..excellent punching and staking. 
















New Taylor laminates 


are premium in everything but price 


XXP-351 ... a high grade laminate with most 
of the properties of XX X P-301, at lower price. 


Grade 353 .. . a quality grade laminate priced 
for economy, with outstanding electrical and 
physical properties. 


Grade 354... an easily fabricated grade having 
low water absorption and good stability ... 
priced for real savings. 


Taylor Fibre Co. Plants in Norristown, Pa.; 
and La Verne, Calif. Branch offices in Atlanta; 
Boston; Chicago; Cleveland; Dayton; Detroit; 
Indianapolis; Los Angeles; Milwaukee; New 
York City; Philadelphia; Rochester; San Fran- 
cisco; St. Louis; and Tolland, Connecticut. Dis- 
tributors in Grand Prairie and Houston, Texas; 
Jacksonville, Florida; New Orleans, Louisiana; 
and Toronto, Ontario. 


WRITE TODAY FOR FULL SPECIFICATIONS, AND FOR ENGINEERING ASSISTANCE IN APPLICATION 


TAYLOR 


Laminated Plastics 


For mere information, turn to Reader Sevice Card, Circle No. 386 
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uses 


...t0 obtain cost reduction... 


HITCHINER 


precision investment 


The B. C. Ames Co., 
Waltham, Mass., pro- 

ducers of some of the world’s 

most accurate micrometer dial 
gauges, is another leading manu- 
facturer who has found that accurate 
HITCHINER INVESTMENT CASTINGS 


reduce production costs by eliminating 
expensive machining operations. The Ames 


castings 





“Trutest” case is a typical Hitchiner bronze cast- 

ing held to such close tolerances that finishing oper- 
ations are kept to a minimum. To make this part from 
the solid or to use another type of casting would mean 
prohibitive expense, according to the Ames Company. 


HITCHINER INVESTMENT CASTINGS permit, with only 
a few exceptions, complete freedom in the choice of 


ferrous or non-ferrous metals. The Ames Company 
chose beryllium copper for the clamp castings to gain 
proper metal density, freedom from fatigue, and longer 
life at much lower costs than machined steel clamps. 


If you use small castings, your company, like 
Ames and many others, may be able to cut cost 
of components through HITCHINER INVESTMENT 
CASTINGS. We'll be glad to furnish prompt 
quotations on receipt of your prints. WRITE FOR 


FREE BOOKLET TODAY TO — 


PMO 





For more information, turn to Reader Service Card, Circle No. 346 
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HITCHINER Manufacturing Company, Inc. 
MILFORD 3, NEW HAMPSHIRE 


Representatives in principal cities. 
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Resistance During Strain in Fine 

Wires Electrical Resistance Ch 

in Fine Wires During Plasti sai 
Elastic Elongation. E. W. Kamme ry 
and : E, Pardue, U. s. N avai Re Ht 
search Laboratory, Oct. 1948. PR Ht 
‘ 2 
113035, 22 pp, diagrams, grap 's 
Available from Library of Conger : 


Publication Board Project, Was/ 
D. C. Microfilm $2.00, phi 


$3.75. Investigation covers on 
nickel, and platinum, as well as 
fifteen alloys readily available in the 


form of fine wire. Strain sensitivity 
in both the plastic and elastic ranges 
has been determined from the slop: 
of the resistance-strain curve. 


Valves: Materials and Coating; 
Salt Water Valve Stems and Trin 
Fifth Report on Alternate Materials: & V4 
Review of Material Specifications for 
Bureau of Ships by the Advisor 
Committee on Sea-Water Valves 
A.S.M. of the Minerals and Metals 
Advisory Board. National Rese 
Council, Division of Engineerin 
and Industrial Research, Mineral 
and Metals Advisory Board, De 
1953. PB 113118, 16 pp, | 
Available from Library of Congr 
Publication Board Project, Wash. 25 
D. C. Microfilm $1.75, photos! 
$2.50. Covers materials, specif 
tions, and corrosion resistant coatings 
for valves as well as substitutes for 
monel metal. 


Plastic Strain Measurement Anal 


sis of Plastic Behavior of Metals n 
with Bonded Birefringent Plast P 
J. D’ Agostino, D. C., Drucker, C. k - 
Lin, Brown University, Graduate Dr ‘ | 
vision of Applied Mathematics, : 

Providence, R. 1., Oct. 1953. Pb im © 


112909, 24 PP, photographs, die a 
grams, tables. Available from Library : 

of Congress, Publication Board Prov i } 
ect, Wash. 25, D. C. Microfilm Be, 
$2.00, photostat $3.75. As a means Biag 
of measuring the plastic strains 0 
the surface of metal, sheets of photo 
elastic material were bonded to thé 
metal parts. In one procedure the 
entire assembly of metal and plasti 
was heated to obtain low modulus ane 
linear response from the plastic as 
the freezing method of photoc!astr 
city. In the other, the plastic choset 
was of the flexible type so that " 
could follow large strains at :oom 
temperatures. Techniques of boning 
with adhesives and casting the p:as"* 
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tings y STEEL BARS 
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A ee Another 

“fi vaas a Gor sho pe Reo Lawn Mower 
atings “ines We a nethingae to Use STRESSPROOF 
es for 
A nal} Reo engineers needed top performance from this _ tion of four qualities in-the-bar: Strength, Wearability, 
Metals new drive shaft . . . so they insisted on STRESS- Machinability, and Minimum Warpage. Yet it costs 
"tasti PROOF! They knew from years of successful experi- _less than the other quality cold-finished steel bars. 
‘ M ence with STRESSPROOF that it could take abuse. STRESSPROOF makes a better part at lower cost ! 
atic, it had both the strength and wearability to stand up —=—‘It is available in cold-drawn or ground and 
3. Ph — | under the toughest service—and its excellent machin- _ polished finish. 
, div $~ ability was most welcome from a cost standpoint. 
ea : The nae LA to ae would have SEND FOR se 
fin ae part, with the attendant cleaning, Free Engineering Bulletin 
ie straightening, and machining problems. “New Economies in the Use 
ine 00 Only STRESSPROOF gives you a unique combina- = 
pI 10t0- a a an dnititddedindidim werd adie ene i 
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You can buy “ 


THIS <-— 








THIS 


or ~~ ‘Wtemate, a BE ¢ 





for the 
SAME 


DOLLAR 


TWO machined parts .... $1.00 





Yes, powder metallurgy has an im- 
portant price story—because when 
you save the extensive and costly 
operations involved in machining, 
it shows up in more parts and lower 
production costs! 

But at Yale & Towne, there’s 
another story of equal importance 
... complete engineering service, the 
kind you can trust—from consulta- 
tion through production and deliv- 
ery of parts that are really right! 

Engineering service has given 
Yale & Towne its position of lead- 
ership in powder metallurgy. We 
are careful to recommend wk appli- 
cations where Powdermet* parts will 
perform successfully. Then, in design 


TAKE ADVANTAGE 
of Yale & Towne’s skilled 
engineering assistance 
on your powdered 








metal problems. 


Arrange for a visit by a 
Yale & Towne consultant 
—today! 





Send Today for 
Free Informative 
Booklet on 
Powdered Metals 


Booklet 


*TRADE-MARK 


poo-s---== 
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The Yale & Towne Manufacturing Company 
Powdered Metal Products Division 

9335 West Belmont Avenue 

Franklin Park, Illinois 


0 Send 0 Send information on Powdermet* 


parts for attached specifications or drawings. 
OC) Have a Yale & Towne Powdermet* engineer call on me. 


Company...... 
Street Address 


For more information, turn to Reader Service Card, Circle No. 335 








TEN Powdermet* parts .... $1.00 (10¢ each) 


Don’t cut parts— Cet Cos#s with 
YALE Powdered Metal Parts 


and production of these parts, Yale 
& Towne offers the experience, 
know-how, modern facilities and 
creative ingenuity that assure best 
results. 

As a part of this complete engi- 
neering service, Yale & Towne 
Maintains a continuous special 
training program for well-qualified 
engineers. These men become 
Powdermet* consultants—available 
to discuss the advantages and limi- 
tations of Powdermet* parts right in 


your own plant. They will show you 


how Powdermet* may cut your 
production costs and improve your 
product. And there is no obligation 
for this engineering counsel. 


The world’s most famous key 
. . symbol of industrial leadership! 
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directly on the metal were ex 
In addition the photoelastic 
erties on a number of plastics i 
ing the adhesives at room 
elevated temperatures. 


Riveted Aluminum Joints Result 

of Shear Fatigue Tests of Joints wit! 
3/16-in. Diameter 24S-T31 Rive 

in 0.064-in. Thick Alclad Sheet. Ma) 
thall Holt. Addendum No. 1. U. § 
National Advisory Committe. 
Aeronautics, Sept. 1953. PB 100197 

9 pp, graphs, tables. Available fro g 
National Advisory Committee fa 7 
Aeronautics, 1724 “F”’ St, N. VW, ee 
Wash. 25, D. C. The work was a i ™ 
ried out by the Aluminum Research I 
Laboratories, Aluminum Company oj 
America. 


of Structural Elements of Vario 
Designs and _ Solidity. G 
Gerard, New York University, ( 
lege of Engineering, Apr. 1952. PI 
113070, 86 pp, diagrams, gra| 
(part fold), tables. Available fi 
Library of Congress, Publicati 
Board Project, Wash. 25, D. 
Microfilm $3.75, photostat $11.2 
The analyses specify optimum c 
properties for various types of san 
wich construction under bendin: 
loads, and also the optimum 
post, frame or web spacing for vai 
ous other types of construction. Re 
sults are discussed in terms of 
sional strength or rigidity requi! 
ments, shear strength requiremet 
and other factors. 


Comparative Efficiency in Bending 


Materials in Skin-Stringer Panels 
Data on the Compressive Strength o! B® 
Skin-Stringer Panels of Various Me 
terials. Norris F. Dow, William A 
Hickman, and B. Walter Rosen 
U. S. National Advisory Committe 
for Aeronautics. PB 112870, 
bp, photographs, diagrams, graph 
tables. Available from National Ad 
visory Committee for Aeronautics 
1724 "F”’ St. N. W., Wash. 2 
D. C. Flat skin-stringer compressio 
panels of stainless steel, mild steel 
titanium, copper, four aluminum al: 
loys and a magnesium alloy wer 
tested. Results show the effect 0! 
variations in the yield stress, Young 
modulus, and both yield stress an¢ 
Young’s modulus for constant yiel¢ 
strain on the buckling, and load: 
shortening characteristics of — th 
panels. 
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Shock mount to cushion and re- 
esearch [ae s duce magnitude of sudden shock. 
any of 


endi is a proven way to “stifle” the shakes 














y, ( 
2. Pie 
oraph; General Silentbloc mounts can do something \ 
e fron about the universal plague of vibration, shock 
licati and noise in equipment ranging all the way 
Ce from delicate instruments to heavy machinery. “ee 
$712 earings and bushings for torque 
m core i Silentbloc mountings, bushings and bearings action and oscillating movements 
E sat are being used today with outstanding success «no lubrication required. 
— in automotive, refrigeration, industrial, aero- 
a nautical, marine, electrical, agricultural, house- 
‘ 7 hold and dozens of other fields. These units 
of t can be custom designed and manufactured in 
equi! any size and type. 
sit For an engineered appraisal of your vibra- 
tion problem send us the facts on your 
Panels in company letterhead. For a free design guide Rolling joint type to dampen and 
igth ¢ ; to vibration control fill out the coupon isolate vibration, reduce noise 
aS a = below. transmission, cushion shock loads. 
am S. 
Rose 7 
zmitiee Tie 
0, 4 4 \ e . “ 
raph, Na From ans to Products m Plastics and Rubber 
al Aa- i 
a ies Tiare ek 
nossa TE I The General Tire & Rubber Company | 
se TIRE = Lolatal Coda Dui ———" | 
um al: Widtion ‘ j 
r wert WABASH INDIAWA | [] Send free design guide to vibration control i 
ect 0! [ | Have your representative contact us 
oung> 
SS anc Company_ — __._Name 
t yielc l 
load- Street_____= =i ——— 
f the MM-7-54 | 
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Big savings turn up in unexpected 
places when you examine the cost 
of producing small parts and fas- 
teners. That’s what happened when 
a Townsend engineer suggested 
that this small spacer stud could be 
produced by the Townsend method 
of cold-forming at one-third the 
cost of the former method. Result 
—a cool $18,000 clipped from pro- 
duction costs and a tougher, 
stronger part. 

This is possible because the 
Townsend method is fast. And all 
the raw material went into the 
part, none was cut away as scrap. 
As a result, more pieces per pound 
of metal were produced, resulting 
in additional economy. 

Townsend parts have high re- 
sistance to shock and fatigue be- 
cause cold-forming increases ten- 















TOWNSEND COMPANY 


ownsend 


COMPANY > ESTABLISHED 1816 





Townsend made this automotive 
part at a savings of $18,000 per year 


sile strength. The flow lines of the 
metal follow the contours of the 
piece instead of remaining in a sin- 
gle plane, as with machined parts. 
Cold-forming strengthens the 
threads and eliminates stock notch- 
ing. Close size tolerances and ex- 
cellent surface finish are character- 
istic of Townsend parts. 

As ““The Fastening Authority,” 
Townsend produces 60-million 
pieces daily —regularly makes more 
than 10,000 special and standard 
fasteners and parts. With this ca- 
pacity and the experience of 138 
years of metal working to draw 
upon, Townsend engineers will help 
you reduce your material and as- 
sembly costs. Ask to have one of 
them call. For more information 
use the coupon below or write for 
illustrated bulletin. 








Sales Offices in Principal Cities 





In Canada: Parmenter & Bulloch Manufacturing Company, Ltd., Gananoque, Ontario 

















Sales Department Name Title 
New Brighton, Pa. 
Company 
Please send without obliga- 
tion “Special Cold-Formed Street 
Fasteners and Small Parts” 
Bulletin TL-89. City Zone State 















ENGINEER 
COMPANIES 
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news 
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News of Engineers 


G. S. Brown has been Ippo 
assistant manager of research, } 
Corp. 


Gerald Reinsmith has bee, J 
pointed factory manager for Nam : 
Metlbond Co., Chino, Calif. 


Kurt S. Sealander has joined 
supervisory staff, Hills-McCanna ( 
Foundry Div., in the Capacity 
chief metallurgist. Mr. Sealander, Bi 
formerly chief metallurgist of ; 
Magnesium Foundry Div., Al 
num Co. of America. 


Sven O. Beckman has been; 
pointed vice president in charg: 
operations of Autograf Brush 
Plastics Co., Inc. i 

Whitley C. Collins was cle 
president and chief executive of 
of Northrop Aircraft, Inc., succe 
ing the late General Oliver P. qi; 


| ols. Mr. Collins has served as 2 ier 











rector of Northrop since June, 1) Sijem 
He is also president of the Ri 

plane Co., a wholly-owned subs bn 
ary of Northrop. ief 


George R. Foster has bee! 
pointed manager of the Stans W 
Steel Div., General Sales De 
United States Steel Supply Divs 
U. S. Steel Corp. 


Rankin H. McDaniel has 
named general production  supt 
tendent, Manufacturing Dyiv., 5 
Aircraft Co. L. C. Rothchild 
been promoted to assistant gent 
production superintendent and C. 
Grantham has been named pro 
tion superintendent of Building ! 












R. A. Kimes, former managtt 
American Machine & Foundry ‘ 
General Engineering Laborato! 
has been named director of engine 
ing of the AMF Electronics D 
Boston. 


Robert B. Young has beet 
pointed supervisor, Advance Dé 
opment Unit, General Electric G 
Alkyd Products Engineering. Che 
ical Materials Dept. 


Joel Hunter has been ele 
president of Crucible Steel ©’ 
America to succeed William 
Colvin who is retiring. 


Robert M. Norton 
elected vice president and Myrot 
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S Dr. William L. Evers, who has 


sistant manager of Celanese 
‘p's Summit, N. J., Research Lab- 
( large of Plastics Divi- 


desearch. has been named assis- 


mt to the technical director of the 


s Div. with offices in Newark, 
Dr. O. V. Luke, formerly 
physical chemist of the Clark- 
Texas petroleum chemical lab- 
ry vill succeed Dr. Evers. 


Brig. Gen. Oscar J. Gatchell, 
S.A. (Ret.), former professor 
d head of the Dept. of Mechanics, 
nited States Military Academy, has 
Ben named technical assistant to the 
president in charge of engineer- 
American Machine & Foundry 


< 


> 
« 


64 
BN 


© Donald C. Burnham has joined 


Westinghouse Electric Corp. as 
e president in charge of manufac- 
ing. Mr. Burnham succeeds T, I. 
bilips, who is retiring after 39 
rs of service. Mr. Burnham was 
rmerly with General Motors where 
recently held the positions of 
pnufacturing manager and assistant 
icf engineer of the Oldsmobile 


Walter Pascoe has been appoint- 

assistant research laboratory di- 
tor, the Atlas Mineral Products 
). Other recent appointments were: 
illis Thomas, formerly of the 
ojan Powder Co., has been ap- 
chemist for the 
hermoplastic Structures Div.; Da- 
i Reinert, formerly of Atlas Pow- 
t Co. has joined the company as 
arch engineer in the Cellular 
astics Div, 


intéd research 


Don Ray Rowe, chief production 
Bineer of the Friden Calculating 
echine Co., Inc., whose long career 
ludes association with the Wright 


bthers and C. W. Kettering, has 


ired, 


- L. Topp has been appointed 
€ president, engineering, A-P 
Ntrols ¢ orp. 


'. R. Dreyer has been appointed 
slona’ vice president and gener- 
Manager of American Machine & 
ndry Co,’s Manufacturing Div. 


harles W. Sanford has been 
ted vice president, manufactur- 
} Jack & Heintz, Inc. 

(Ccntinued on page 186) 
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TOWNSEND COMPANY 





Fasteners and Small Parts” 
Bulletin TL-89. Cty 








How To Enjoy The Economy Of 


Townsend Cold-Formed Parts 


The parts above are not only less ex- 
pensive than similar items made by 
other methods, but they are currently 
saving assembly time, improving qual- 
ity, design, and appearance of a mul- 
titude of products for economy-minded 
production engineers and designers in 
many industries. 

These parts are but a few of the thou- 
sands of types of special parts and fast- 
eners made by the Townsend method 
which, because of its speed, is economi- 
cal. Since there is virtually no scrap, 
material is conserved—you get more 
pieces per pound of metal. 

In many instances it is possible to 
include washers, nuts and spacers as 
integral parts of the piece. This reduces 
assembly time and employee fatigue— 
eliminates separate inventories and 
extra parts. 

Design is simplified by the Townsend 
method since it is possible to cold-form 
unusual shapes such as offsets, wings, 
flats, ovals—they need not be sym- 
metrical and concentric as with screw 
machine parts. The basic shape then 








Sales Offices in Principal Cities 


COMPANY: E 


may be further processed by machin- 
ing, trimming, flattening, bending, 
drilling and thread rolling. 

Since cold-forming increases tensile 
strength and the flow lines of the metal 
follow the contours of the piece, your 
product is improved by having extra 
strong parts with high resistance to 
shock and fatigue. Also, Townsend 
draws its own wire specifically for each 
application which assures close size tol- 
erances and uniformly good surface 
finishes. The inherent quality of the 
parts is high because materials that can 
be readily cold-formed must be free 
from inclusions, seams and surface de- 
fects. They also must be ductile and 
highly resistant to cracking. 

Townsend supplies these high-quality 
items in carbon, alloy, stainless steel, 
copper, bronze, monel, and aluminum 
in a variety of platings and finishes. 
Sizes range from diameters of .090” to 
1” and lengths of “s” up. For more 
information on the economy of Town- 
send products, use the coupon below 
or write for illustrated bulletin. 





ownsend 


STABLISHED 1816 





See te 
ES 





In Canada: Parmenter & Bulloch Manufacturing Company, Ltd., Gananoque, Ontario 


Sales Department Name—— 
New Brighton, Pa. 

Company 
Please send without obliga- 
tion “Special Cold-Formed Street—___— 





Title 


a —_—- Zone -State 





THREADED FASTENING TROUBLES 
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Here’s a “miracle drug” 
proved throughout industry! 
R. for all threaded 
fastening troubles: 
Heli-Coil* Screw Thread Inserts. 





These 18-8 stainless steel or phosphor bronze Heli-Coil Inserts 
give you a minimum of 25% greater loading strength... your 
threads will never seize, corrode, or gall...you save space, 
material and money because you can use fewer, smaller, shorter 
fastenings and lighter, cheaper materials...and smaller bosses 
and flanges 
It will pay you to investigate the many advantages Heli-Coil 
Screw Thread Inserts offer. Write today for full information, 
free samptes and, if you wish, the assistance 


of a Heli-Coil Thread Engineer. 


Heli-Coil Inserts conform to official Mili- 
tary Standards MS-122076 (ASG) through 
MS-124850 (ASG) and others. 





* Reg. U. S. Pat. Off 


r —_—e— = ee eee ee 
































l 
; HELI-COIL CORPORATION , 
, 187 SHELTER ROCK LANE, DANBURY, CONN. | 
[) Send samples and Bulletin 689 — Military Standard Sheets. 
, [) Please have a Heli-Coil Thread Engineer call. | 
" [) Send samples and Catalog. | 
| ! 
| NAME siamnninineininieal  _—_—_ I 
COMPANY . 
| — | 
! a ! 
| I 
| city a ZONE__STATE @eo | 
mmm eee 4 

For more information, turn to Reader Service Card, Circle No. 352 
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Eugene B. Hotchkiss h 


. r= nmreciqent ; 
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Corp f America. Mr. H 


Jack E. Bolt has been apy 


mDD ert } P} 
ap] engineer if e PI 
Engineering T Chemical } 
Is Dep of General Electr 
Chem al Di 
John E. McCauley, pre 


Birdsboro Steel Foundry and M43. 
ne Co. has been elected cha 


wih Vid 3S; 





of the board and chief execut 
ficer G. ‘Cheame Brooke was pr 
moted from executive vice pr es ident 
to president tO wert Mr. McCaul 
ey. James M. Heppenstall was ad. 
vanced from treasurer to vice 
dent and treasurer, and Arlan a 
W entzel, former assistant vice pres 


r 
WIiLS 


ident and 1 works manager, was 
vice president and works 9 
Harry K. Taylor was nam 
sistant ' preside in nat 
perations for Jess . Steel ( 
Frederic H. Holt has been a 
pointed general manager of the Ap 
pliance Control Dept., General Elec. 
tric Co. 


Dr. Willis A. Gibbons, associat 
director of research and develop 
from United States 


5 | 
Rubber C€ fter more than 4 € 
f service. Dr. Gibbons n 
V e1opments inciudeé: latex dipping I 


new test for vulcaniza- 


tire cord, 


tion. and the manufacture of rubber 


Walter Siegerist, pares dent 
hief engineer, the Med art Co.. has 
been elected a Fellow of the Am 
can Society of Mechanical Engineers 
Mr. Siegerist is internationally 
known for his work on mechanical 
methods of straightening all types 
and shapes of metals, and the center- 
less turning of bars, billets, and 
tubes. 

Herman Weisberg, mechat nical 
engineer of Public Service Elec tric 
and Gas Co., has been elected a Fel- 
low of the American Society of Me: 
chanical Engineers. Mr. Weisberg 
has made outstanding contributions 
to the power-generating field. 


Carroll Cone has been appointed 
chief engineer of the Industria! Di- 
visions, and William H. Dailey 
been appointed chief engineer of the 
Steel Mill Division, Surface Combus 
tion Corp. 


(Continued on page 188) 
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die casting 
made this part better 





both strengthwise 
and for finish 





T HE applications of zinc die castings in industry 
and the home are ever-widening, the extent 
of their uses expanding with every day 

that passes. 


[ake this small part that has corrected a 
WEAK SPOT in the socket-end of an electrical 
fixture. Only a very small part, yet it plays a 
BIG PART TODAY in greatly improving the 
quality of a product. 


Yes, zinc die castings offer manufacturers 
tremendous possibilities in marketing of entirely 
new products and in product improvements. 


We want to cite to engineers this simple example 
of what zinc die castings can do and to freer | 
them ADVANCE is an important source from 
standpoints of cost and service. Write us. 
Solving your manufacturing problems is part 

of our service. 


/ ; ADVANCE 

44 operates under 
the CERTIFIED 

(7 ZINC PLAN of 

(7 The American Die 


eee Casting Institute. 


TOOL & DIE 


760 N. HOLTON STREET 


“WILWAUKEE 12, WISCONSIN to. industry 


For more information, turn to Reader Service Card, Circle No. 429 
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ADVANCE 


CASTING CO. 


33 years of service 





Tye 


UBBER COMPANY 
The Unusual in Rubber Since 1856 





..- Hamilton Standard, too, 


Relies on Tyer Research in Rubber 


Mr. E. Garaventa, 
Chief Development 
Engineer, Hamilton Stand- 

ard Division of United Aircraft 
Corporation, Windsor Locks, Conn., 

and Mr. L. H. Bardach, Tyer Sales Engi- 

neer, discuss devices utilizing molded rubber 
compounds which de-ice propeller blades efficiently 
and dependably. 


Preventing the formation of ice on propeller 
blades demands both meticulous selection of 
materials and advanced production techniques. 
Rigid inspections must be made, at each stage, 
to safeguard the final product from both visible 
and hidden defects. 

Tyer’s technical staff, working closely with 
Hamilton Standard engineers, who design the 
propellers used on 90% of the nation’s commer- 
cial aircraft, plays a leading role in the design 
of wire-element type heaters and de-icers for 
both external and internal applications. 


If you have a problem } 


involving rubber, call in / . 
j ~ 


a Tyer Sales Engineer or 
write for our “Molded 
and Extruded Rubber” 
catalog, Dept. 93. 





‘de 


~~ j 
j 
j 


~ 


ANDOVER, MASSACHUSETTS 


For more information, turn to Reader Service Card, Circle No. 451 



































Meaium and Heavy Stampings 


Mass:Proauced at a Profit 0 OW 


Home appliances, business machines, automotive prod- 
ucts — just a few of the fields where Geometric Stampings 
are reducing costs for alert manufacturers. (Weight and 
cost savings of 50% are common.) 


Maybe you, too, are using forged or cast parts which 
can be made better, lighter and cheaper as stampings. 
Geometric engineers, with long experience in the 
analysis of all kinds of medium and heavy stamping 
problems, are glad to help you find out — no obligation, 
of course. 


Write today for free booklet — 
“Geometric Craftsmanship” 





GEOMETRIC STAMPING CO. 


A Subsidiary of Barium Steel Corp. 
1145 E. 200th Street Cleveland 17, Ohio 





For more information, turn to Reader Service Card, Circle No. 454 





Selden E. Doughty has b 
pointed production manager 
Alloy Tube Div., Carpenter Stecl Co 
Before his appointment, Mr. Doug] 





Union, N. J. mill 
A. H. Merschel, for seven year 


tcf ? ; tr ] ] 1 
sistant to tne | resident of (¢ I VSier 
Corp s Amplex Dis . IS retiris 


Carroll Marquard has been ap. 
point d manager of production Nf1- 
neering for the Central Metal Diy. 
Continental Can Co. 


R. C. Allen has been named di. 
rector of mechanical engineering 
nd L. J. Linde has been named 


director of electrical engineering 
General Machinery Div., Allis-Chal- 
mers Manufacturing Co. 


Arch J. Cochrane has been ap 
pointed manager of Chicago district 
operations, The Youngstown Sheet 
and Tube Co., succeeding B. M 


Stubblefield who re ently retire 
Donald H. McCuaig has been 


appointed manager of application en- 
gineering, Air Conditioning and Re. 
frigeration Div., Worthington Corp 

Richard C. Cole has joined Vitro 
Uranium Co.. a division of Vitr 
Corp. of America as plant manager 
or its uranium ore rennery 

Dr. William Alfred LaLande, 
Jr. and Edward F. Beale, were 





elected vice presidents, Pennsylvania 
Salt Manufacturing Co. Dr. LaLande 
will continue as manager of research 
and development and Mr. Beale will 


~te¢ ’ OAMnpant tres 6 
CONTINUE as Wpany Creasule 


Hugo Lorant, vice president anc 


member of the board of Hydropress, = 
Inc., has been elected senior vice | Cla 
president. Paul Mayer was named B inst 
assistant vice president of the com: S sul: 
pany. . Th 
Dr. Glen W. Wensch has been Be Sh 
appointed Vitro Corp. of Americas ral 
metallurgical engineering representa 
tive in the atomic power reactor pro}: y 
ect which is now under study by 26 
associated firms, and led by Dow 
Chemical Co. and Detroit Edison Co. 401 
Dr. Wensch came to Vitro after serv: ins) 
ing for two years as chief of the ack 
materials branch of the Atomic En- val 
ergy Commission at the Savannah r 
River Operations Office in Georgia - 
He joins Alton P. Donnell of Vito Ry 
who has acted as coordinator for the anc 
Dow Detroit studies, and who t TR co: 
cently became project manager 10° Bae +, 


the activity. 


= j * * 
(Continued on page 191) 
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1. COIL MOUNTING 
holes drilled, slot 


C-D-F SILICONE DILECTO LAMINATED PLASTIC 


Many of the parts illustrated wet 
fabricated bv C-D-] g: »y has a 
ward-looking engineering and modern facili 
be put to work for you. ¢ D-F is a 
ble source of supply for insulating materials, 
oted for its fair pricing, fo1 producing high 
C-D-F SILICONE TAPES are recommended fo quality products on schedule. Why not call in a 





H insulation. It’s been proved that silicone C-D-F sales engineer on your problem. Or, write fot 
ition has 10 times longer life than Class B in echnical Bulletins: 

ion, even at the temperature limits of Class H. 

cre are two types of C-D-F Silicone Tapes and 


ts: (1) Silicone varnished fiberelas; (2) Silicone 


+ 25—complete data on GB-261S., a fiberglas silicone 


_ 


laminate made of a staple filament woven fiiberglas 


cloth and silicone resin in sheet form; +3/—covers 
er fiberglas. Each has the following properties: 


glass base silicone metal clad laminates; +42—post- 


] 


® u: : ; 
High temperature resistance ® Resistance to moisture forming o21 ide of olass base silicone in shee 


* High dielectric strength ® High tensile strength 
® Low dielectric loss ® Flexibility 


grades meet A.I.E.E. Standard for Class H 
ition. They resist mild alkalis, non-oxidizing 


+23—GB-112S, fine weave continuous fila 
fiberglas with silicone resin, sheets, tube 


molded shapes. 


mineral oils, oxygenated solvents. Silicone See our general catalog in Sweet's Design File for more data, the address 
fiberglas is recommended for many applic a- and telephone number of your nearest C-D-F sales engineer. Also, write 


sian ee , ‘ : , for technical bulletin and specific catalog, free test samples, or send us 
requiring a flexible abrasion-resistant material your print for quotation. 


ood thermal conductivity. C-D-F Silicone tapes 
eets are available in a wide range of sizes in 


ous rolls. For complete details, write for Contin Diewnll Wee, 


al Bulletin +47. 
CONTINENTAL-DIAMOND FIBRE COMPANY 
NEWARK 25, DELAWARE 


For more information, turn to Reader Service Card, Circle No. 444 
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Best protection in sight! 





Another case for U. S. Royalite 


American Optical Company—world’s largest mak- 
ers of ophthalmic products—knows that quality 
diagnostic instruments call for a quality case 
which meets a variety of needs. So—to provide 
their Ful-Vue Ophthalmic Diagnostic Sets with 
real protection—in cases both convenient and 
attractive—they ve switched to U.S. Royalite. 
This unique new U.S. Royalite case is ex- 
tremely tough and impact resistant—cradles in- 
struments with lasting protection—displays them 
to greater advantage. Surface-grained and col- 
ored clear through, the new case has no “skin” to 
peel, fray, or chip off. And it’s lighter and thinner, 
too, so that it fits conveniently into a coat pocket. 
What's more, this new U. S. Royalite case can 
be washed inside and out with soap and water— 


UNITED 


STATES 


ROCKEFELLER CENTER » NEW YORK 


or even sterilized! 

Eye opening? This new U. S. Royalite case is 
vastly superior and AO reports that the smartly 
tailored safe storage it provides has contributed 
significantly to instrument sales. So it’s not sur- 
prising that AO now plans to use U. S. Royalite 
cases for other products, too. 

Maybe you have a case in mind where U. S. 
Royalite can be of help. Why not find out about 
it by writing to the address below. 





RUBBER 


For more information, turn to Reader Service Card, Circle No. 437 
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J. Maytham, Pacific Coast 
nanager for the Company's 





revi : - 

Ant Div Dale McFeatters, 
dit I information services for 
and Otis O. Rae, 
* rn regional manager of the 
Any s Div., have been elected 
4 ri 2 . ry ° 

& esidents of Westinghouse 
] ( ; ( orp 


Walton A. Lean has been pro- 
moted to vice president and technical | 


director, Wilcolator Co. | 


Dr. B. M. Sedalia has joined the 
RResearch Laboratory of the Titanium | 
Alloy Manufacturing Div., National 


my ead £4. 
| 
| 


Stanley R. Hood has been ap- 
Mointed to head a new Thermostat 
MMetal Division established 
ay American Silver Co., Inc. 


recently 


E. B. Jones has been appointed | 
mchicf engineer in charge of estimat- 
Bing and engineering in Lindberg En- 
pineering Co.'s newly formed Field- | 
erected Equipment Div. 


news of 





COMPANIES 


} The Tubular Products Div., Bab- | 
fock & Wilcox Co., has announced | 


fompletion of an expansion program |f 


Which will increase by nearly 40% 
th ictive capacity for stainless 
Btee| [ b ilar products. 


Resistoflex Corp. will open a | 
new and assembly station at 
4414 West Jefferson St., Los Angeles | 
1 


omce 


















Continental Blacks, Inc. recently 
mppened its new carbon black plant in 


BPonca City, Okla. 
og) y 


' Ferro Corp. has announced the 
purchase of the Louthan Manufac- 
turing Co., East Liverpool, Ohio, 
ton Harbison-Walker Refracto- 
mies Co, Harry T. Marks, vice presi- 
peent of Ferro, will be the new presi- 
pecnt of the Louthan Div. of Ferro. 
| icw division will produce elec- 
! porcelain insulators, refractory 
pecialties for firing pottery and for 


€ foundry field, and other ceramic 
roducts 


American Machine & Foundry 


0.$ cxecutive, administrative and 
bles ot\ces, are mow located on four 
00rs 


| the new AMF building 261 
Adis; 
Plast 
ucéd 
SIQNE 


s Products Corp. has an- 
new plastic molding plant 
specifically for manufactur- 


NYE 


OF mr re 


ULy, 


nformation, Circle No. 406°> 


1954 





Ave., New York 16, N.Y. | 





When you're 
Kole) diatomic) ama! 


is basic! 


eee een ie ees 


MICARTA® simply soaks up impact. Vibration, too. And it muffles noise. Its 


inherent toughness gives it unusual compressive strength... high resistance 





to moisture and corrosion ...and to extremes in temperature. But tough 
as it is, MICARTA can be easily and accurately fabricated. How can this 


amazing, feather-weight material serve and save for you? Use the coupon 


J-06577 


for the complete story. 





Westinghouse Electric Corporation, Trafford, Pa. 


Micarta's Unique Properties Micarta Division, Attention: L. A. Pedley 


are serving every industry in Sir: (Please check one) 


applications ranging from tiny |_| Please have your representative call 


punched parts to massive steel __| Please send me complete facts 


’ on MICARTA 
mill bearings. 
Name. = a 
6) 1 y Company a 
ei \ Z “ 
(S Address ie a 
 —— Zone State a 
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ing a wide variety of plastic | 
reinforced with fiber glass 
opened in Bedford Heights 
1 1 i] 


5 Monn 


Vout Best = << 


| inches Size 
| 1 6 12x 1 2 


Source Ig | tus 


4%, 36x36" 


Hamer Oil Tool Co. has 
its company name to Hamer \ 


Inc. 


New Process Metals, Inx 


: tT} | f d | ¢ ) ) 
* Va AB x 48 | Om} ICLCGd aS xpansion } 
| x% with the opening of a new, enlarg 
Yo & Up plant, located at 45-65 Manufactu; 


* Can be furnished 
in V2 sheets 


HERE’S WHY: You can DIAMETER INCHES 


Vg ] 
1 
36 Ae 


. ’ 16 1 “a 
and be certain of complete| 1% 


ers Place, Newark, N.]. 








Industrial Filter and Pump 
Manufacturing Co. has establish 
a $5000 annual fund at Illinois |; 
stitute of Technology to assist liber, 
arts students in acquiring an eng 
neering education. 


Allied Chemical & Dye Corp 


has completed its ammonia prod 





order in quantity and in 
a wide variety of sizes— 








2 t10n facilities of its new nit! 0 
. ; V, VY i sell _ ] 7 mr 
uniformity throughout. ny 1% : plant at Omaha, Neb. Early com 
- | 78 ‘ ; f 4 | 
. . y tion oft the urea production ractities 
Our strict density control | / 2 ' " 
tee | Ye 2a is expected. It is estimated that tl 
assures you thoroughly 2'/2 | plant will cost upwards of $25, 
‘ 3 ny . 
non-porous Tefion— Other diameters ()0) )\) it) when complete d. 


specification : ‘ ' 
pe Air Reduction Co., Inc. has ap. 


proved the acquisition of the assets 
and business of the Colton Chemi- 
cal Co., in exchange for Air Reduc- 
tion common stock. It is anticipated 
that the Colton Chemical Co. wil 





free from any flaws which 
might possibly affect 
your end use or product. 


Dimensions are accurate 





to your most critical operate as a division of Air Red 





1ES 
TYPICAL 31 tion with headquarters remaining 


INCHES 7 .o@ ‘ : 
0D. 1.D. | Jf Cleveland 


tolerances—no rejects, 


waste of material or loss 



















. . ~ . : 4 > 
of time. You eet a % Vo General Electric Co.’s Plastic li, 
since sncsidNetasatall imamate | Ap " Dept. has announced the creation 0! 
purity —Tefion at its | : ¥, an Ope rations Research section wi mac 
° ° ef o 2 m4 19em ; ie . , () \" O-~ - 
best in every one of its | 1” | in RS ENAREGTINCER Erni. & : BY 10 
; iy | 2. 1%" liam Sandberg was named manag = 
remarkable characteristics. 3 1% operations research. aul 
get the quantity you s IC a e on announc ed licensing for both tne Rclise: 
t wi , , CHEMICAL Al-Fin and Osbring Casting proc ; 
want when you want it. Compictely inert. peso By 
Since the availability of ELECTRICAL ob? ; mist: 
Tefl ee - Very high dielectric strength. Durez Plastics & Chemicals 
erion, John Crane Extremely low power factor. Inc. has announced the start of && dnd 
engineers have worked THERMAL cavation for a new building at 1 BP}, ) 
. pho etary North Tonawanda plant. This nev i 
with Industry to successfully —300° to +500 F. ye, yh ge geet cme EP qui 
. ? $100,000 unit will be equipped i 
l 4 bl bl MECHANICAL : 4 
soive innumerable problems and Strong, flexible, weather piloting new chemical processes and 
develop new applications. You can resistant. materials developed in the companys 
benefit fr thei , LOW COEFFICIENT OF FRICTION research laboratories toward futur A 
om their experience Absolutely non-stick. full-scale plant production. 
and know-how. * DuPont Trademark 
Goshen Rubber Co., Inc. has 
announced completion of its n¢¥ 
Request full information and ask for our bulletin, ‘The Best in | plant for fabricating precision mold 
Teflon.”’ Crane Packing Co., 1827 Belle Plaine Ave., Chicago | ed silicone parts. 
13, ill. * in Canada: Crane Packing Co., Ltd., - 
617 Parkdale Avenue, N., Hamilton, Ont. Reynolds Metals Co. ; has oa 
pleted its new merchant mill at Shel 
| field, Ala. The new mill at a cost 0 
| one and three-quarter million do! i 
For more information, turn to Reader Service Card, Circle No. 375 u 
L* 


192 MATERIALS & METHOD 



















































PRODUCT— 
Casting for reciprocating ram. 
MATERIAL— 
High-strength cast iron 1” thick. 
EQUIPMENT— 
220 kv x-ray machine. 


What's the right 
x-ray film? 











THERE’S A RIGHT FILM FOR EVERY PROBLEM 


KODAK Whatever your radiographic problem, you'll find the best 


means of solving it in one of Kodak’s four types of industrial 


INDU STRIAL X RAY x-ray film. This choice provides the means to check castings 
2 > » . ° ° 
and welds efficiently, offers optimum results with varying 
alloys, thicknesses and radiographic sources. 


ORE = ill = | | 
FILM, TY PE K Type K—has medium contrast with high speed. Designed for gamma | | 


ray and x-ray work where highest possible speed is needed at avail- 








able kilovoltage, without use of calcium tungstate screens. 


Si Type A has high contrast and fine graininess with adequate speed 
for study of light alloys at low voltage and for examining heavy 





= 
astics ; » ° parts at intermediate and high voltages. Used direct or with lead- 
_ {S casting, worth about $2, is headed for eee 
ion 2 : ; ; Ss. 
wit machining, heat treating and scraping worth Type F—provides the highest available speed and contrast when 
W 37 Th. no iene to take a chance on hidden exposed with epee bungetate pecan Seg screens. rane wide lati- 
‘ &§ tude with either X-rays or gamma rays when exposed dire tly or with 
faults. lead screens. 
. h So the radiographer checks each casting and Sat 3 —feene. me Ee eee ee oe 
: eS .. : 5 exposure or lead-foil screens. It has extra-fine grain and, though 
h the Sdiscards the unsound. speed is less than Type A, it is adequate for light alloys at average 
pri & kilovoltages and for much million- and multi-million-volt work. 
ip. g 
» For these radiographs he uses 220 kv at a 
_ 1. Meistance of 40 inches, lead screens, and Kodak 
nicals ‘ie EASTMAN KODAK COMPANY 


yf x it S 1s cal ay y Tw » A » io 
of & idustrial X-ray Film, Type K—the right Keny Division « Rochester 4, M. Y. 


















“ @hoice for this thickness of iron and x-ray 

ot Mee (uipment, 
> & Radi 
= adiogra | ) 
pany eeeanother important function of photography 
future 

, RADIOGRAPHY IN MODERN INDUSTRY 
~ has 
4 new hVIOGRAPHY A wealth of invaluable data on radiographic principles, practice, 
- mole PERL INDUSTRY and technics. Profusely illustrated with photographs, colorful 

\ ’ drawings, diagrams, and charts. Get a copy from your local 
x-ray dealer—price, $3. 

5 a Ns 
it Shel- 3 
cost ol & < 
yf dol- os 


* For more information, turn to Reader Service Card, Circle No. 
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Micromatic Hone Corp. : 
PROPERTY UNIT LIMITS celebrated its 25th j Recent 
COLOR BUFF Eutectic Welding Alloys Co. of 
| Canada Ltd. has acquired premises 
TRUE SPECIFIC GRAVITY 2.48 | at 3150-37 Street, Ville St. Michel 
=< a Montreal, PAD. for the manufactur 
— BULK SPECIFIC GRAVITY 1.90 of its special purpose alloys ip 
WEIGHT PER CUBIC INCH Lbs. /cv. in. 0.068 Canada. 
Foam King, Inc. has completed 
LINEAR COEFFICIENT OF 25 —100° C. 2.27 its research and development of 3 
THERMAL EXPANSION X 10¢@ 25 —400° C. 2.96 | new approach in the formulation an 
—_ 25°—700° C. 2.95 | manufacture of Foam Plastics, whic 
| they describe as Foam King prod. 
COEFFICIENT OF ucts 
THERMAL CONDUCTIVITY 4 ate wanes | . 
Alloy Metal Wire Co. Division 
Desrese f. 2570 of H. K. Porter Co., Inc., has com. 
SOFTENING TEMPERATURE D pleted and is now using a new ad 
egrees C. 1410 , 
tion to its plant in Prospect Parl 
THERMAL SHOCK RESISTANCE EXCELLENT Penna. At the same time announce 
ment was made that additional ¢ 
TENSILE STRENGTH Lbs./sq. in. 1,190 cracking capacity will be added 
ee: ameenecnes the near future, and a 4-high Steckel 
COMPRESSIVE STRENGTH Lbs./sq. in. 17,100 Mill is being installed to increase 
miiuenss senmenres my “— ihieoe production of high quality nick 
 cieaaden , | alloy and stainless steel strip. 
RESISTANCE TO IMPACT ® Inch-Lbs. 1.7 Foote Mineral Co. is sponsoring 
the Second Lithium Award Progran 
Te VALUE * Degrees F. 1370 | to stimulate and reward research 
Degrees C. 743 the uses of Lithium in ceramics 
a se total of $2000 in cash prizes will 
400° C. | Megohms per 86.0 awarded to authors of the best p 
VOLUME RESISTIVITY 500° C Centimeter 16.5 ers dex ribing heretofore unp 
AT VARIOUS 600°C | Cube 4.1 lished development work. The co 
TEMPERATURES 700° C. 1.4 petition, open to all professiot 
800° C. 0.7 | engineers, researchers, technicians 
| and students, is divided into 
DIELECTRIC STRENGTH Volts / mil. 38 | classes: professional and student 
| Separate awards will be made for 
DIELECTRIC CONSTANT * 3.9 three papers in each class. Closing 
Sein teen senna date for entries is Nov. 1, 1954, an: 
all papers must be submitted by Jul) i 
LOSS FACTOR * 0.036 1, 1955. The 
Westinghouse Electric Corp. ° 3 of tl 
THERMOLAIN is a refractory in- cently broke ground at Blairsville with 
sulation for use in electrical heat- Penna., for its new multi-million A 
ing equipment where very rapid dollar metals plant. In the develop: chin 
temperature changes occur. It is ment and application of new metals forg 
at ee the Blairsville plant will work closel\ fast 
Send for catalog sheet showing with the new Westinghouse Researci terisi 
Standard Refractory Shapes for Center now under construction about trim 
Heating Devices in various heats, 10 miles east of Pittsburgh, and also b 
sizes and weights. ; , ee : he olt: 
will have limited capacity for T 
manufacture of special metals needé 
by various Westinghouse operatif} Our 
| divisions. 





The Beaumont Iron Works 
has been formally merged into © 


| é ation, A i Loot 
P 0 R C E L A | N C 0 M P A N Y an TE merican 


39 Muirhead Avenue «+ Trenton 9, N. J. (Continued on page 196) 
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More reasons why... 
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These Impact 












4 Forgin 

losing ; ote thpen 

ff HIGH STRENGTH ALUMINUM ALLOYS oe 
t, and ‘i actual size 
y Jul 

These aluminum thick bottom cans are illustrative forging can be added the superior physical prop- 

rp. ff of the endless variations in part geometry possible erties resulting from this mass production technique | 
rsville, with Hunter Douglas cold impact forging. perfected by Hunter Douglas. Increased fatigue 
nillion All parts pictured were formerly produced ma- properties are obtained and bending stresses at 
velop chined from bar stock at great cost—now impact the inside corners are redistributed parallel to the 
a forged by Hunter Douglas to final print in one flow lines rather than cross grain as would be the 
( oa fast operation at low cost. The “‘no-draft” charac- case if the part were machined from bar stock. 
»searc! ae , ay a : : . 
ee teristic effectively eliminates machining. Simply If you have a design problem that requires a Penh RCigg 
dais AD t0 length, drill holes in base for attaching similar part for mass production in quantities up S$ % 
ot the bolts and the part is ready for final assembly. to a million or more a month, remember the > DD: 
needed To the economies achieved through impact name, Hunter Douglas. 2, ~ 

ing > ‘ . : , & 
eratin} Our Research and Development Engineers welcome the opportunity to consult with you. *Usi0n « 3 
ks Co. 
nto Is . ’ 
, Loc Write for free literature on your company letterhead 4 lJ N T F KH fl) 0 lJ G LA S 

DEPT. MM7 RIVERSIDE, CALIFORNIA * TELEPHONE RIVERSIDE 7091 

ns For more information, turn to Reader Service Card, Circle No. 448 
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The Stee 
Builds a “ 
Resist W 





Cold work-hardens 
itself to the 


needs of the job! MANGANESE STEEL 


sypeAL fants The HARDER it works 
.»ethe HARDER it gets 





Unequalled for wear parts 
subjected to 
heavy impact and abrasion 


TISCO Manganese Steel actually grows stronger with 
>= increasing wear resistance under the heavy pounding, 
shock and abrasion that destroy most other alloys. It 
has never been surpassed for wear resistance in 
punishing service. 





Consult Taylor-Wharton on any part or problem 
involving impact and abrasion. Benefit from our long 
experience producing and applying manganese and 
other wear-resistant alloys. Get the right analysis for 
the job—proper heat-treating—accurately ground 
dimensions—careful inspection to assure flaw-free 
castings. 





immediate capacity available for pro- 
ducing castings from Loose Patterns 


Experienced metallurgists and 
flexible facilities are available for 
experimental work or short-run 
production involving castings for 
high wear resistance against im- 
pact and abrasion. Equipped to 
cast from ¥% lb. to 25,000 Ibs. 
Send details of your needs. 












Chain for conveyors, elevators, dredges, etc. 


Consult Our Engineers on any Application 
Requiring Wear-Resistant Alloys 














Founded 1742 
HIGH BRIDGE 6, N. J. 


TAYLOR-WHARTON [iieiheseaiaua 


IRON AND STEEL CO. Easton, Pa. 






















For more information, turn to Reader Service Card, Circle Ne. 380 
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news of COMPANIES 


Worthington Corp. r 
quired through its wholly 
subsidiary, the Electric Machiner 
Manufacturing Co. of M 
lis, the Mullenbach = Electr; 
Manufacturing Co. of Los ; 


The B. F. Goodrich ( 
started manufacturing operat 
Salem, Ind. The modern pla 
employ about 150 men and 
and will produce gaskets ust 
cipally in refrigerator manufactu 


International Resistance. Co, ha 
announced that its wholly-owned 


California subsidiary, formerly 


Gorman Manufacturing Corp, 


will be called Ircal Industries 


Conforming Matrix Corp. ha 


acquired space which will double 
facilities of the manufacturing. & 


gineering and executive departments 


Buehler Ltd. now occupies 
new plant and offices located 
Greenwood St., Evanston, II! 


Essak Steel & Chemical Co. 


expanded its operations in the meta 


cleaning field to include an expand 


service department and an increased 
line of compounds to simplify meta 


cleaning and bond coating for ti 
paint, porcelain enamel and ele 
plating industries. 


Universal Metal Products, In 


has announced completion 
other phase of its expansion | 
with the installation of cold 
chambers, high temperaure test 01 
and other research and develop 
equipment. 


Amercoat Corp. is now 
ing new executive offices and 
research laboratory recently 
at its home office site at 4809 | 
stone Blvd., South Gate, Calif. 


Precision Apparatus Co., | 
presently loc ted in Elmhurst, “4 | 
N. Y., will move its manufactu 
engineering and administrative : 
ties to a new plant in Glendale, 
by mid-summer of 1954. 


Tenney Engineering, Inc. | 
carrying on full scale operations 
its new plant at 1090 Springfield K« 
Union, N. J. 


American Cyanamid Co. 
opened its new rubber chemical ! 
celerator plant which mor 
doubles its present production “4? 
city. pier pe Bound Brook, N 


the plant is devoted exclusively ’ 
the production of NOBS Specia! * 


NOBS No. 1 accelerators. 


(Continued on page 200 
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AT MUCH LOWER COST 


For 95% of your quenching jobs, you don’t have to use expensive compounded 
oils. Sun’s low-cost quenching oils will give the same uniform results, assure fast 
and thorough quenching, help increase production and lower maintenance. The 
booklet “Sun Quenching Oils” tells the complete story. For your copy, call your 
nearest Sun office or write SUN OIL Company, Philadelphia 3, Pa., Dept. ML-7. 


INDUSTRIAL PRODUCTS DEPARTMENT 
SUN OIL COMPANY 


PHILADELPHIA 3, PA. ¢ SUN OIL COMPANY LTD., TORONTO & MONTREAL 


For more information, turn to Reader Service Card, Circle No. 410 
























































the first is stock... 


probably the largest stock of stainless plate in one tocarion— 
produced to meet rigid chemical industry standards in a wide 
range of sizes, gauges and analyses. 


the second is delivery... 


the amount of diversified stock regularly carried at G. O. 
Carlson, Inc. assures fast delivery on all of the more active 
types and gauges. 


and that's not all... 


Special cutting equipment saves time and money where pattern cut stainless 
plate is required. 


Highly skilled employees work on your orders—it’s right when it comes 
from Carlson! 


Complete-package orders—one order is sufficient for Carlson heads, rings, 
circles, flanges, forgings, bars and sheets (No. | Finish). 


Why shop around... call Carlson first! 














Stainless Steels Exclusively 


CARLSON INC. 


Plates « Plate Products « Forgings « Bars « Sheets (No. 1 Finish) 


THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 














For more information, turn to Reader Service Card, Circle No. 440 
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Illinois Institute of Tech: logy 
has been selected as one of s:x go. 
leges and universities that may } 
attended by the recipient of $509 
annual scholarship established by the 
Maysteel Products Corp. 


New York University’s College 
of Engineering has opened a ney 
laboratory for surface technology te. 
search in its Research Div. The new 
facility is located in Engineering Re. 
search Bldg. No. 2 at 401 W. 205th 
St. in Manhattan. 


Massachusetts Institute of Tech. 
nology is offering a special summer 
program in casting of light metals 
from Aug. 23 through Sept. 3. Hov. 
ard F. Taylor, professor of metal. 
lurgy at M.I.T., will direct the two. 
week special summer program. 


The Trinks Industrial Heating 
Award was recently given to five 
men at a banquet sponsored by the 
Award Committee. The award, be. 
stowed annually by a judges’ pane 
of industrial heating authorities 
among candidates nominated by the 
industry for outstanding contribu 
tions to industrial heating science or 
economics went to the followin 
men: William M. Hepburn, vic 
president in charge of engineering 
Surface Combustion Corp.; Freder 


O. Hess, president, Selas Corp. 0 im TH 
America; Dr. Russell P. Heuer, \ : 
president in charge of research, Gen 7 
eral Refractories Co.; Matthew H HE| 


MaWhinney, consulting engineer 
and Lee Wilson, Lee Wilson Eng 


neering Co. BY Ou 
jad P = Sboth 
The American Iron and Stet! hei 
Institute Medal was awarded to tw their 
individuals at the 62nd Genet nent 
Meeting of the Institute held in Nes Ste 


York. The award is voted by the 
board of directors of the Institute fo 
a paper of special merit and impor 
tance—a paper read before a meetit} 
of the Institute. William Charis 
Bell, company director and manag 


Quick 
free n 
Plate 
ly ar 






Hesigy 








ing director of iron and steel pr Ste 
duction, Stewarts and Lloyds Lte, nvent 
Great Britain, received the medal !0! > 
his paper, “Review of European Op « % 
erating and Technical Practices Sed" 
The second award went to W. “—iame- 






Black, chief electrical experimen 
engineer, Steel and Tubes Dvv., Re 
public Steel Corp., for the ex: ellent 
of his paper titled, ‘Ultrasonic Tes 
ing of A Large Engine Crankshal! 






h 


American Foundrymen’s Societ} 


elected the following officers 4 - 
recent meeting in Cleveland: rank | 
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THIS NEW BOOKLET MAY 
HELP YOU CUT COSTS 5% TO 25% ON COMPONENT PARTS 


sYou can find out how Steel Plate Shapes Service saves 
pboth time and money. Other equipment builders have cut 
stheir costs from 5% to 25% by using pre-formed compo- 


nent parts. Here’s how. 

Steel plate shapes are accurate, can be incorporated 
quickly and easily into assemblies. You save fit-up time, 
itee machines for other work, speed your entire operation. 
Plate shapes of rolled steel give you strength, dependabil- 
ly and weight reduction, offer greater possibilities for 
lésign freedom. 

Steel Plate Shapes Service enables you to reduce plate 
iventories. You cut scrap handling costs and scrap losses, 
pay freicht only on that part of the plate that is actually 
€quire’. Over 150 major machines are available to 
lame-c\;(. Shear, blank, press, bend or otherwise form 


LUKENS| BY-PRODUCTS STEEL CO. 


A DIVISION OF 
LUKENS STEEL COMPANY 





» For more information, turn to Reader Service Card, Circle No. 419 


Directly from Blueprints 
to Close Tolerances 
Ready for Quick Finishing 
or Assembly 


STEEL 
PLATE 
SHAPES 


Get Maximum Return 
on Capital Investment 
and Plate inventories 








steel piate to your specifications. Parts can be furnished as 
formed, or rough- or finish-machined. A large stock of 
standard dies of all types is maintained. 

THIS FREE BOOKLET will show you how Steel 
Plate Shapes Service can help you cut costs. To get a copy 
of Booklet 712 at no obligation, use this coupon or write 


on your company letterhead to: By-Products Steel Co., 
674 Strode Avenue, Coatesville, Pa. 


By-PRopuctTsS STEEL Co. 
674 Strode Avenue, Coatesville, Pa. 


Please send me a free copy of Booklet 712. 
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~ FANSTEEL 





Nature Made 
Their Properties... 
Fansteel Made 
Them Practical! 








‘TUNGSTEN 
[TANT 


“ALUM 
ABNTe) .Y BDENU} 





5 he valuable properties of tungsten, tantalum and 
molybdenum usually make it self-evident whenever 
one of these metals is the best possible material for a given 


application. However, the most practical and economical 


method of fabricating parts is a never-ending problem. 


Here, at Fansteel, we make refractory metals; from raw 
ore to finished ingot, bar, rod or sheet. In working with 
hundreds of other engineers on their fabrication problems, 
ve have learned a lot about forming these metals—about 
stamping, bending, deep drawing, machining, forging, 


brazing or welding them. 


If you use Tungsten, Molybdenum or ‘Tantalum com- 
ponents, we can probably fabricate them for less money 
than you can—with less rejects, less scrap loss, and with a 


fixed price per unit. We’d like to discuss it with you. 


We have some very interesting and informative booklets 
on Tungsten, Tantalum and Molybdenum. Write for your 


free copies today. 


Let FANSTEEL insure your cost control of 


refractory metal components 


Fansteel Metallurgical Corporation 


| 


42501C 





RGEST 


NORTH CHICAGO, ILLINOIS, U.S.A. 






For more information, turn to Reader Service Card, Circle No. 442 





news of | SOCIETIES 





The Sterling Foy, 
was elected apres Bru 
L Simp son, president, National Fp. 
gineering Co., 


Dost. president, 


dry ( cea 





was elected \ 
ident. At the same _ meeti 


society 





honored three outs 
industry by present 
them the highest awards bestows 
by the AFS, the Gold Medals. Th 
three men so honored were: Thomas 
Evan Eagan, ‘For outstanding work 
in the development and ee 





men of 








tion of engineering data on the “ 
cuction and utilization of all WV cas 
irons.’: Roy Arthur Gezelius, ‘Fo; 


outst tanding contributions t to the steel 
casting indust try, particularly in th 
development and production of cas 
steel armor.”’; Walter E. Sicha, ‘For 


+ / 
extensive, valuable work on _ light a 
metals casting alloys and for out By 
standing contributions to the Soci- Hi + 
” \ 
ety ( 
' + \ 

Massachusetts Institute of Tech Hy { 

nology has announced that Met i | 

lurgical Applications of X-Ray Dif. ‘ 

fraction will be the subject of a two. Hi , 


week special summer program fron 
August 2-13, 1954. 


R } ; * ‘0 . 
(Meetings and Expositions on page 204 





Coming in 
MATERIALS & METHODS 


Watch for these important 
M & M Manuals to appecr 
soon in MATERIALS & 
METHODS: 






How Engineering Mate- 
rials Are Affected by 
Nuclear Radiation— 
Augusi 







Close Dimension Cast! 
Forms—September 






Age Hardening of 
Metals—October 


Adhesive Bonding o 
Metals—November 







Properties and Applico 
tions of Clad Metals 
—December 
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Good reading 
for metal men! 


_ 174 pages of illustrations and listings 
cop, WA of a variety of products...sizes... 
\ weights...tempers...shapes! 


t io Here’s a handy, desk-size book that gives 
you just about everything you need 
‘ ws, | to know about brass, copper and bronze 
( and now... stainless steel, too! 

\ 4 
ceo \ It’s jammed to the brim with easy-to- 
\ yy. read data. It’s thumb-indexed to 


save you time. It has a how-to-order 
check list that’s designed to take 
the headaches out of ordering. 


And what’s more, it comes free 

to you from Chase—the nation’s 

| headquarters for copper, brass 

\ and bronze. To get your copy, 

just clip and mail the coupon 
below. 





Chase Brass & Copper Co. 
Waterbury 20, Conn. Dept. MM 754 


Gentlemen: 
Please send me your Buyer’s Stock Book and Catalog. 














A 




















NAME 
> POSITION 
BRASS & COPPER CO. 
0, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION FIRM 
‘ Headquarters for Brass & Copper 
Denver+ Kansas City, Mo. Newark Pittsburgh San Francisco STREET 
ati —- Detroit Los Angeles New Orleans Providence Seattle 
(Houston Milwaukee New York Rochestert Waterbury 
Indianapolis Minneapolis Philadelphia St. Louis  (tsales office only) CITY STATE 








For more information, turn to Reader Service Card, Circle No. 433 





how DIELECTRIC are 
—_2 sm 


ENGINEERED 








CERAMICS 3 


If it’s a question of building better insulation characteristics into 
your product, take a look at Frenchtown Engineered Ceramics. | 
The alumina bodies, particularly, offer excellent electrical resis- 
tance at high temperatures. Take, for instance Frenchtown 


ALAMNOxX charted 




































































below: 500. T T T 
ELECTRICAL RESISTANCE of | 
300. \ ALMANOX (95% Alumina) CERAMIC —— 
High dielectric 200. N 
strength is only on 
one of the many 100 
desirable properties. 50.L£ 3 \ 
Low thermal expan- 30 ® % 
sion, good thermal \ 
conductivity, excel- 0. \ 
lent mechanical 10.L2 \ 
strength and wear $ x 
resistance have 3 FS 
enabled many manu- 3. oe = ’ — 
facturers to improve 9 a 
over-all performance . 
of their products. 1. 
ee 
3 Temperature in Degrees Centigrade \ 
300 400 500 600 700 800 





For complete information, send for this bulletin on Design 
Principles and chart of electrical and mechanical properties 
of FRENCHTOWN ENGINEERED CERAMICS. 










PORCELAIN COMPANY 
84 MUIRHEAD AVE. ... TRENTON 9, N.J. 


For more information, turn to Reader Service Card, Circle No. 343 
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Meetings and Expositions 


AMERICAN ELE¢ 
ETY, annual convention 


York, July 12-15, 1954 


rTROPLATERS 


















S IETY OF Atl YMOTIVI 
EERS, West ¢ ne 
Angel Augi 3 
WESTERN ELECTRONIC SHO 
CONVENTION Los Ang les 
gust 25-27, 1954 
AMERICAN SOCIETY OF MEC} 


CAL ENGINEERS, fall me 
Milwaukee. Sept. 8-10, 1954 


METAL POWDER ASSOCIATION 
meeting. Hot Springs. Sept 
12, 1954 


SOCIETY OF AUTOMOTIVE ENGI 
NEERS, national tractor meeting 
and production forum. Sept. 13 
16, 1954. 


INSTRUMENT SOCIETY OF AMER 
ICA, international instrument 
congress and exposition. Phila- 
delphia. Sept. 13-20, 1954. 





AMERICAN SOCIETY OF MECHANI 
CAL ENGINEERS, Instruments and 
Regulators Div. and Instrument 


Society of America exhibit and 
joint conference. Philadelphia 
Sept. 13-24, 1954. 


SOCIETY FOR EXPERIMENTAL STRESS 
ANALYSIS, annual meeting. Phil 


adelphia. Sept. 21-23, 1954 
STEEI FOUNDERS SOCIETY 0! 
AMERICA, fall meeting. Whit 


Sulphur Springs, W. Va. Sept 
27-28, 1954 


PORCELAIN ENAMEL INSTI 
annual meeting. White S 
Springs, W. Va. Sept. 
1954 

SLECTROCHEMICAL SOCIETY, 


meeting. Boston. Oct. 3-7, 1954 


SociETY OF AUTOMOTIVE ENG! 
NEERS, National aeronaut 
meeting, aircraft production ! 
um and aircraft engineering dis- 
play. Los Angeles. Oct. 5-9 
1954. 









NATIONAL FOUNDRY ASSOCIATION 
annual meeting. Chicago. Oct 
6-8, 1954. 














AMERICAN GAS ASSOCIATION, an- 
nual convention. Atlantic City 
Oct. 11-14, 1954. 


AMERICAN INSTITUTE OF ELECTRI- 
CAL ENGINEERS, fall meeting 
Chicago. Oct. 11-15, 1954 


NATIONAL ASSOCIATION OF Cor: 
ROSION ENGINEERS, south central 
regional meeting. Dallas. Oct 

12-15, 1954. 


SOCIETY OF AUTOMOTIVE !N 
NEERS, national  tranmsporiatioo 
meeting. Boston. Oct. 158-20, 

1954. 
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Basic Materials Conference and E« 
position. Philadelphia. June 12 
16, Tao. 
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stainless steel parts economically 


Make them out of ENDURO Stainless Steel Cold Drawn 
Bars. Then you get high production rates from your auto- 
matics, plus all the high physical and chemical properties 
you want from stainless steel. 


Here’s how one manufacturer does it: Edward Valves, Inc., 
East Chicago, Ind., makes a new MUDWONDER Valve 
used in the oil fields. It must have high resistance to corrosion and long life. 





Valve stems are made of ENDURO Cold Drawn Types 410 and 416. 
fall And Edward methods engineers say they get good production for 
1954 these reasons: 
ENG! 1. High speeds and feeds can be used 
sg 2. Surface finish is excellent 
» dis 3. Tool life is longer, down-time for re-grinding is less 

















5-9 KS 
You can have these same advantages in your stainless steel parts, by 
“en ; specifying ENDURO Cold Drawn Bars. And Republic metallurgists will 
“4 be glad to help you choose the right grades for best production on 
your present machines. Write to: 
. REPUBLIC STEEL CORPORATION 
ify oe ° . 
Alloy Steel Division + Massillon, Ohio 
\ GENERAL OFFICES * CLEVELAND 1, OHIO 
aed Export Department: Chrysler Building, New York 17, N. Y. 
ectiny 
4. 
2 COR: 
ce ntral : — — 
Od “ i 
i REQUBUG BDU 
or ation 
1 §-20, 
Wintee. 3. HMs14355 STEEL 
and Ex MACHINING : 2) 
12- 
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Other k-oublic Products include Carbon and Alloy Steels — Titanium — Pipe, Sheets, Strip, Bars, Wire, Pig tron, Bolts and Nuts, Tubing 
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HOW COME YOU 
LOOK HAPPY? 
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THERMO ELECTRIC _ We 
PYROMETERS > 


c 


SOLVED MY PROBLEMS. = 





J 





Thermo Electric makes many products that help solve prob- 


lems in the field of temperature measurement and control. 
T-E controllers and indicating-recorders are good examples. 
They are both made in two types: potentiometer pyrometer 


and resistance thermometer. They are accurate ( 


t V4 of 1% of 


the range), rugged, simple in design, easy to maintain. Ranges 


from —100°:—+600 F up to O—— 3000 F. 





THERMO ELECTRONIC CONTROLLER 


Two-position control action is continuous and 
instantaneous — potentiometer pyrometer type is 
sensitive to changes of as little as + 1.5°F, or less; 
resistance thermometer type is sensitive to changes 


of as little as +0.1°F. 


Write for details: 


THERMO ELECTRONIC 
INDICATING-RECORDER 


Only three moving parts in the record- 
ing system—pen arm is driven from a 
cam, which permits linear charts to be 
used for all temperature measurements 
—full scale pen travel only 4 seconds. 
Easily adapted to measure humidity, 
solution conductivity, speed, pH, direct 
current, DC voltage, or other variables. 


controller, potentiometer pyrometer type, bulletin 50-G 
controller, resistance thermometer type, bulletin 55-G 
indicating-recorder, both types, bulletin 60-G 


@ Pyrometers * Thermocouples * Protection Tubes * Quick-Coupling Connectors 


Thermocouple and Extension Wires * Resistance Bulbs * Connector Panels 


Thermo Electric ©. 


SADDLE RIVER TOWNSHIP, ROCHELLE PARK POST OFFICE, NEW JERSEY 
IN CANADA—THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONTARIO 
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Isotopes... 





continued from px 1) 





Radioactive isotopes are being used 


to extend our knowledge of the by 





havior of materials. 


thermosetting phenolic molding com 
pound was formulated whicl 
hibited a four-fold improvement i 
erosion characteristics. The new ma 
terial was announced by Wyma 
Goss, Manager of G.E.’s Pheno 
Engineering Laboratory in an addres; 
to the National Plastics Exposition 
The erosion tests are capable of ¢ 
tecting and measuring as little as on: 
part of metal in 20 million parts | 
plastic. The radioactive tracer tes 
were chosen over chemical spect 
graphic and physical test metl 
because the amount of metal wor 
on each molding cycle is almost 
finitessimal. The sensitivity of 
tests yields quantitative informatior All 
when only a small part of the m De eve 
is made radioactive. The tests ar 
based on the erosion of a radioact 
sprue bushing from a standard trans 


oul 


fer mold. The bushing is encapsulate Qu 
and irradiated at the Brookhaven N: Me ran 
tional Laboratory atomic pile and re: 


turned to Pittsfield for tests. The 
bushing is inserted in a standart ie THC 
transfer mold, which is put through 
a regular production cycle. Thi and 
molded part, containing the smal HS 30° 
amount of metal eroded from tht ie 
bushing in a single pass, is analyze< 
at G.E.’s Laboratory in Schenectady 
The low erosion molding om SAF 
pounds developed as a result of tht as r 
tracer research will extend die lilt atel 
by a factor of two, Goss claimed. Ht 
said that a TV cabinet mold normal 
good for a life of 10,000 to 15,0" 
cycles would last for 20,000 to 30: 
000 pieces. The new molding com 
pounds are now in pilot procuctid 
and will be generally available durits 
the third quarter of 1954. ' 
The extrusion and die erosio® Pp! 


® per 
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MATERIALS & METHOD! 
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ALL-PURPOSE— Removes from metal parts practically CUTS POWER CONSUMPTION—Can be heated by either 
om every kind of foreign matter—waxes, oils, greases, gas, steam or electricity. Gives concentrated vapor at 




















gums, tars, chips. only 188°F. Specific heat less than 14 that of water. 

ee QUICK ip ei and dries rapidly. Low boiling CytTs vAPOR LOSS—High vapor density (4.5 times 
en Na m range (S86. 6° -87.8 , based on standard AST M tests) that of air) assures proper vapor level at all times. 
a“ = permits mor gc at low steam pressure. 

lard ¥ STABLE— Neutral stabilizer gives protection not only 
ak » THOROUGH—Low viscosity (0.58 centipoises at 20°C) jn the liquid but also in the vapor. 

The and low surface tension (about 29 dynes per cm at 
we 30°C assure diffusion into pores and relatively in- ECONOMICAL— Completely re-usable after distillation. 
op hen Faccessible openings. And whether you buy by the drum or the carload, 
a - : . 
rectady you pay no extra premium. 
9 cot SAFE —Has neither flash point nor fire point; classed 
- of * as nonflammable at room temperatures, only moder- A request, written on your company letterhead, will bring 
* 1 ately lammable at higher temperatures (Underwriters’ you a free copy of our new Nialk TRICHLORethylene 
ormall: i Laboratories rating 3). booklet. 
15,000 ie 
to 30, 
n: oa NIAGARA ALKALI COMPANY 
( C 10! a y 
> daria 60 East 42nd Street, New York 17, New York 

K® Liquid Chlorine NIALK Caustic Potash NIALK Carbonate of Potash NIALK Paradichlorobenzene 

ion pro -IALK Caustic Soda - NIALK TRICHLORethylene - NIAGATHAL® (Tetrachloro Phthalic Anhydride) 
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The ability of malleable iron to be 
cast into intricate shapes and 
close to final form provides the 
design engineer with an extremely 
useful ferrous material. Complicated 
and expensive assemblies can often 
be combined into one easily 
machined, tough casting. Drilling 
and boring operations are often 
eliminated for further savings. 


Whether you are designing new 
products or reviewing present 
production keep malleable in mind. 
Call a malleable foundry and go 
over your products with their 
engineers. They can give you 
information and suggestions that 
help you design better products 
that can be made at lower cost. 
















1800 Union Commerce Building 
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Versatile Castability Permits 
Wide Freedom of Design 
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Free Design and 
Application Data to 
Help You Design with 
Malleable 


This issue of Malleable Iron 
Facts contains valuable data 
on grades, design and ap- 
plication of malleable iron 
to aid the design engineer. 


Ask your malleable castings supplier for copies or 
write to the Malleable Founders’ Society 





Cleveland 14, Ohio 
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ects are only two of many p 
now underway using radioactiy 
materials. Besides the work o 
sion, Alcoa is using the technique jp 
lubricant evaluation, corrosion resis 
ance studies, analytical chemistry, and 
alloy development. 

Many engineering materials can by 
irradiated to make them radioactive 
enough for use in research without 
impairing their original qualities 
When a substance is placed in the 
pile it is bombarded with neutrons a 
high densities. Radioactivity occurs 
when a neutron collides with an 
atomic nucleus of the material under 
irradiation, and the nucleus gives off 
excess energy in the form of high 
energy radiation of a nature similar 
to that of x-rays. One difficulty in 
using irradiated materials is the short 
half life of their radioactive isotopes 
Some must be used almost on the 
spot to take advantage of their radio 
activity. 

The radioactive waste from eacl 
project must be returned to a proper 
AEC facility for proper disposal. 


Extrusion Die 
Problems Discussed 


Aluminum and die making in 
dustry representatives got together 
recently and agreed on a number ol 
points which would lead to the im- 
provement of extrusion die material 
for aluminum fabrication. Firth 
Sterling, Inc. sponsored the confer: 
ence in the interest of initiating a r¢ 
search program to develop new di 
materials for the aluminum extru: 
sion industry. 

The conferees agreed among 
themselves that they could not isolate 
any one single factor which contrib 
uted to the short life of dies, sinc 
failures are about evenly distributed 
between breakage, wear and erosio?. 
They felt strongly that no attemp' 
should be made to improve one char 
acteristic of dies at the expense 0 
another. 

The difference in extruding char 
acteristics between casts of alum 
inum leads to short die life due © 
large amounts of reworking requitce 
on the dies. The men felt that soins 
to a harder die material would not be 
a solution to erosion because there 
no practical die material with a hard: 
ness greater than aluminum xide 


MATERIALS & METHODS 
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BRIDGEPORT BRASS COMPANY 


Copper ALLoy BULLETIN 











— BRASS 


MILLS IN BRIDGEPORT, CONN. AND INDIANAPOLIS, IND.—IN CANADA: NORANDA COPPER AND BRASS LIMITED, MONTREAL 
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Parts of 544” diameter miniature volume controls used in hearing aids and in many other applications. 
Courtesy of Centralab, a Division of Globe-Union Inc., Milwaukee, Wisconsin. 


Copper Alloys Play Important Role 
In Miniaturization Trend 


Throughout the electronics industry, 
the trend is to smaller, lighter, more 
compact assemblies. Hearing aids, for 
example, must incorporate all the ele- 
ments of a radio amplifier in a package 
not much larger than the average ciga- 
rette case. Portable communications 
equipment like radio sets for aircraft 
and automobiles, miniature personal 
radios, walkie-talkie units, airborne 
radar receivers all must be designed so 
that every possible extra inch of space 
and ounce of weight can be trimmed 
off the finished product. 


Miniature Volume Control 


Illustrated above with its copper- 
base alloy components is a volume 
control no bigger in diameter than a 
dime. This type of control has a rating 
of | 10 watt and is obtainable with 
resis ‘ance ranges of from 0 to 500 ohms 
and on up through 10 megohms. It is 
Pro! bly one of the smallest volume 


cont ls commercially available. It is 
curr tly being used as a component 
Nm iy hearing aids, test instruments, 
ire radios, microwave sets and 
Othe 


niniaturized apparatus. 


JUL 


1954 








Copper-Base Alloys 
Excellent for Precision Parts 

Copper-base alloys are preferred for 
many electrical and electronic applica- 
tions because of their fine properties. 
Conductivity, good corrosion resist- 
ance, ability to withstand severe form- 
ing operations, high wear resistance, 
excellent plating and finishing proper- 
ties explain their wide use in the many 
thousands of products with which we 
are familiar. 

Many of the parts in this control are 
made of brass. Some are plated with 
either nickel or cadmium for increased 
wear resistance or silver for improved 
contact characteristics. 

Among the parts made from brass 
rod are the contact blade pivot pin, 
the mounting studs, the shaft, rivet, 
hex screw and nuts. The terminals 
were made from yellow brass strip 
which is easily stamped and formed. 
The spacers and washers were also 
made from brass. 


Phosphor Bronze Vital 
in Electronics Equipment 
In complex assemblies like these vol- 
ume controls and switches, satisfactory 
performance depends on each tiny part, 
especially those spring parts used in 
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making mechanical and electrical con- 
tacts. For this reason, the selection of 
the correct alloy, temper, and gauge is 
most important. 


The contact spring washer and spring 
pivot pin washer in the tiny volume 
control illustrated were made of Phos- 
phor Bronze Grade C, approximately 
92% copper, 8% tin, and 0.1% phos- 
phorus. Supplied for these applica- 
tions 8 B&S numbers hard, the mate- 
rial has a tensile strength of about 
112,000 psi. It is widely used through- 
out the electronics industry because it 
combines superior spring properties as 
well as conductivity and high corrosion 
resistance. 


Parts like contact springs must have 
high fatigue resistance to withstand 
millions of flexing cycles. Spring wash- 
ers must withstand constant compres- 
sion without taking a set if they are to 
be satisfactory. They must also be cor- 
rosion resistant under all climatic con- 
ditions. Phosphor Bronze meets all 
these qualifications and yet can be 
into precision 
parts. That is why Phosphor Bronze is 
in such wide use in the fields of radar, 
radio, television, sound reproduction 
and amplification, and in all types of 
electronic and electrical equipment and 


stamped and formed 


controls. 


Bridgeport Brass Service 


Bridgeport Brass supplies copper- 
base alloys—in strip, rod, tubing, and 
wire — used in the electronics field. Our 
Laboratory will be glad to assist you 
in the selection of proper alloys for your 
applications. Write for Bridgeport 
Brass Technical Handbook for proper- 
ties and applications of copper-base 
alloys. Call or write the Bridgeport 
District Office nearest you. (714) 





Parts of electronic switch and assembled switches. 
Courtesy of Centralab, Milwaukee, Wisconsin. 
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now...TEFLON with 


Certified performance 











Conformance to specifications assured 
in FLUOROFLEX®-T rod, sheet, tube 


Resistoflex will certify each shipment of “electrical grade” 
Fluoroflex-T products on six vital physical and electrical 
properties. Qualification tests are performed on all incom- 
ing Teflon powder to determine whether it will yield rods, 
tubes and sheets which are in conformance with specifica- 
tion AMS-3651 “Polytetrafluoroethylene.” Processing under 
a quality control and inspection system approved by the 
USAF under MIL-Q-5923 specification maintains the iden- 
tity of each lot of material through all stages of manufacture 
— from virgin powder to finished product. 


An affidavit accompanies each shipment attesting to its 
conformance with AMS-3651. Certified test reports of the 
actual properties of any shipment will be furnished when- 
ever they are requested. 


Be sure of optimum performance in Teflon by specifying 
electrical grade Fluoroflex-T. Remember, too—Fluoroflex-T 
products are non-porous and stress-relieved. This means 
better dimensional stability, less costly machining and 
fewer rejects. For more details, write or phone... 


*DuPont trade mark for its tetrafluoroethylene resin. 
®Resistoflex trade mark for products from fluorocarbon resins. 


RESISTOFLEX 


corporation 
Belleville 9, N. J. 


For more information, turn to Reader Service Card, Circle No. 476 
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which is the cause of almos 


scratching of dies in aluminun 


| 


"usion 
W hile 


presses run from 60,000 to 1 +0) 


pressuft S in eCxtI 


psi, all this pressure is not ex 
on the die face due to friction in 
material extruded and between 
billet and cylinder walls. The group 
estimated the actual pressures on th 
die face range from 40,000 to 75, 
000 psi, and will not exceed 80,000 
psi in the near future. They felt that 
breakage most often occurs not be 
cause of the inherent weakness of die 
materials, but because of inadequate 
support given portions of the die 
due to the shape being extruded 
The hot yield strength of supporting 
die materials is not sufficient in many 
cases and leads to die breakage. Gen- 
eral practice appears to be to us 
hot worked die steel hardened to 4 
to 52 Rockwell C, although one aser 
preferred a high speed steel of 35 
Rockwell C for extrusion of tubing 
only. 

Dies in present use are from about 
4-in. o.d. to 30-in. o.d. and range in 
thickness from 3/4, to 4 in. Each ex- 
truder at the conference seemed to 
have his own preference for ratio ol 
thickness to diameter. 

The conferees all expressed a de- 
sire for information regarding 
hot yield strength of die materials in 
the temperature range from 700 to 
1000 F. Extrusion billets are gene: 
ally heated to between 700 and 9% 
F, and temperature increases during 
the extrusion process. Estimates 
placed extrusion temperatures 4s 
high as 1150 F. Since steels are an- 
nealed by the temperature of extru 
sion, the extruders would like to have 
a die steel which would retain 4 
hardness of Rockwell C 50 at 1000 F 
and would be able to withstand the 
corrosion of hot aluminum better 
than present grades. They called for 
surface finish characteristics within 8 
micro in. rms. Thermal conductivity 
could stand some improvement, but 
an increase of 10 or 15% would be 
the limit. Thermal shock presents 
little problem. The ability to be recut 
by the user was considered unimpor: 
tant, as was cost (within the limitation 
that the relative cost per pound of ex: 
truded products must be cheaper {of 4 
new steel). 

One of the most difficult prob'ems 
facing the industry is a suitable m* 
terial for dies having tongues with 
large length to width ratios. At »f¢* 
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Ribbon glass by the yard. Here’s 
lass that’s a thousandth of an 
h thin and in small widths it’s 
xible as—well, a ribbon. You can 
twist it, roll it, wrap it around your 
rm without cracking it. It comes in 
ny length you want— inches, yards, 
miles. 

Actually ribbon glass isn’t a single 
glass. We can make it of several dif- 
ferent compositions according to 
what you need it for. Originally we 
developed it to take the place of 
mica in electronic capacitors of 
which there are several in your radio 
and TV sets and in any other piece 
of electronic equipment you can 
name. As mica is formed in layers, 
it is subject to cleavage in the plane 
parallel to lamination; ribbon glass 
being homogenous is easily work- 
able. This is just one advantage of 
this glass in capacitors. 





Medical scientists have found a 
quite different use for ribbon glass 
as microscope slide covers. These are 
the wafer-like pieces of glass that 
are used to cover blood smears and 
the like for examination under the 
microscope. In this case ribbon glass 
can be made clearer, flatter and more 
free of bubbles and striae than pre- 
viously made glasses. 


> Seems as if this unique stuff 
should be good for a lot of things, 
but what (other than electrical and 
laboratorial) probably lies in the 
laps of imaginative designers. Would 
you like us to send you a little strip 
to play with? 


Iwo tons—on the nose! If you 
called for them, we could, with rea- 
sonable speed, provide you with a 
king-size pair of glasses. The lenses 
= e would weigh in at a hefty two 

ns, 

Since it’s no mean feat to balance 
Specs” like that on your nose, we 
don | have too much call for them. 
Stil we have filled one order and 
are repared to fill another any time 
the, re needed. You might be inter- 


's 


este’ in this little story, not as a 
om ‘ct for such outsized eye-wear, 


cause it might suggest a new 


CORNING GLASS BULLETIN 


FOR PRODUCT DESIGNERS 





approach to some design or manu- 
facturing problem of your own. 

OQur aerodynamic friends find 
wind tunnels valuable instruments 
in developing new and better prod- 
ucts. Naturally, to make the most 
of said wind tunnels, it’s necessary 
to see and photograph what’s going 
on inside. That’s what led us to build 
the windows you see in the picture 
below. Weighing nearly a ton each, 
these giant disks are of finest optical 
quality——a very necessary feature 
since the scientists and engineers 
must make precise observations 
through them. More remarkable 
still is the fact that these optically 
perfect pieces of glass withstand the 
enormous forces built up by air 
moving at nearly twice the speed of 
sound. 


> If heretofore you’ve looked on 
glass as a somewhat fragile material 
of limited use, these windows to the 
supersonic world may give you food 
for thought. However, we like to 
admit that, despite the unique qual- 
ity of these panes, they are just one 
of countless special-application prod- 
ucts devised by Corning engineers 
working with customers’ problem 
children. So, even if aeroplanes or 
ranting winds aren’t your responsi- 
bility, talking over your problem 
with the men at Corning could very 
well lead to a profitable solution. 





In defense of light. Throwing light 
on a subject is often easy——keeping 
it there may be something else again. 

A good, if unusual, case in point 
is made by a manufacturer of our 
acquaintance who makes shot blast- 
ing equipment for cleaning metal 
castings. Unfortunately the shot 
which cleaned the castings also 
played havoc with the light bulbs 
in the equipment. For a while it 
looked like a choice between con- 


stantly replacing shattered bulbs or 


working in the dark—neither offer- 
ing a satisfactory solution. 

The big question—could the cast- 
ings be cleaned while being seen? 
Turns out the answer was YES. 
Corning was able to develop a spe- 
cial glass globe to shield the light 
bulbs from the metallic barrage. 
Made of clean PYREX brand glass 
No. 7740, these half-inch thick, 
abrasion-resistant globes let through 
plenty of light and, by saving bulbs 
from speedy annihilation, earn their 
keep over and over again. 





> If by chance some production 
problem centers your interest on 
protecting light bulbs perhaps we 
have the specifications, solution and 
can quote prices. On the other hand, 
if our little story serves only to give 
you an idea of what a rugged ma- 
terial glass really can be, we encour- 
age you to refresh your memory on 
some of its other useful attributes, 
which you will find described quite 
lucidly in our Bulletin IZ-1, “‘Glass 

its increasing importance in prod- 
uct design.’’ We’d be delighted to 
send you a copy. 


Frankly, we’re being amazed con- 
tinually (almost) by the ingenious- 
ness of people who come up with 
ideas we'd never in all time think 
of for putting glass to work. We’ve 
worked with hundreds of folks and 
we'd like to work with you, if you 
have a stubborn materials problem 
that glass might eliminate. We’ve 
got research experience, application 
experience, production experience, 
and plenty of facilities. It'd be a 
pleasure to put them to work for you 
on any likely problem or product. 


Coming meand research ct Cietd 







Ww CORNING GLASS WORKS 12-7 Crystal St., Corning, N. Y. 
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Carried in stock are supplies of the 300 
and 400 stainless steels as well as carbon 
alloys. ‘‘Specials'’ including electronic 
and aeronautical type alloys, tool steels, 
ferritic, austenitic and super stainless 
alloys of nickel- and cobalt-base. Avail- 
able in shot, ingot, billet or cast bars. 





a Alloy Bulletin for com- 
plete technical details. 





or tons 








Exactly predictable metallurgical con- 
trol of finished casting is assured by 
MasterMet control of high-temp al- 
loys, tool, stainless, and carbon steels 


You specify the alloy — we'll tailor it to 
your needs, backed by a certified analysis! 
Name the quantity and the fast delivery 
will surprise you! Preparation can begin 
almost immediately after receipt of order. 
MasterMet “alloy tailoring” gives you 
all this: 


MATCHED ALLOYS TO YOUR MELTING PRO- 
GRAM — Close control assures a constantly 
uniform melt. The results you get from 
a sample cast are the same as the final 
production run. 


MASTERMET CERTIFIED ANALYSIS— Regularly 
furnished are notarized certificates insur- 
ing alloys that will cast to your exact 
production specifications. 


PRODUCTION MELTS OR SAMPLE JOBS — 
A combination of test furnaces and larger 
multiple production furnaces assure com- 
pletely flexible service at any time. 


FAST ACTION ON YOUR ORDERS — No long 
delays for a mill run. Alloys delivered in 
drums, clearly marked with all specifica- 
tions for fast selection and storage. 


Cannon 


aaah d 5 — 


wir tein, Muskegon Gama) 


CORPORATION 


2873 Lincoln Street © Muskegon, Michigan 


METALLURGICAL 


SPECIALISTS 


For more information, turn to Reader Service Card, Circle No. 455 
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ent the maximum length to width 


ratio for tongues is about 4 to 
extruders are constantly asked to pr 
duce forms with ratios as high 
to 1. A suitable die steel for such an 
application would have to have an in- 
creased modulus of elasticity, better 
resistance to shear and _ torsional 
bending and a lower coefficient of 
friction: 

The group disc ussed the nec] ng 
of mandrels for internal openings in 
extruded products. It was consid 
ered likely that the necking occurs at 
the hottest point on the mandrel and 
is an elongation phenomenon result. 
ing from tension stresses due to fric. 
tion of aluminum moving along ths 
mandrel. 





20% of Steel 
to Construction 





The steel industry looked healthier 

June than at any other time in 
1954, as mills operated slightly 
above 70% of capacity. Part of the 
upturn may be attributable to hedg 
ing against a strike and the possibil 
ity of higher prices, but in general, 
manufacturer’s stocks were sliding 
into line and inventories looked less 
forbidding. 

Construction and contractors prod 
ucts have emerged this year as more 
important in maintaining the de- 
mand for steel than ever before. In 
the first quarter of 1954 shipments 
of finished steel to the building and 
construction industry were about 
three million tons, or roughly equiv- 
alent to the amount shipped in the 
first quarter one year ago. As a tt 
sult, the percentage of steel shipped 
to the construction industry is higher 
than at any ‘ime since 1940. In 
March this year, 20% of total steel 
shipments went to contractors and 
builders. 

The rising trend of activity i 
highway projects, including bridges 
and a sizeable number of projects 1 
volving office buildings, shop ping 
centers and auditoriums has resulted 
in a large demand for heavy struc 
tural shapes. Shipments of heavy 
structural steel in the first quarter of 
this year were about 120,000 to 
higher than in the same part of |2% Ie 
year. Steel piling shipments et 3 
slightly higher, while steel plates 
reinforcing bars were off som hl 


(More News on page 214) 
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NOW -— Frasse, as distributor for the Reynolds Metals Company, can 


furnish your aluminum requirements direct from warehouse stock. 

Aluminum rods, bars, wire, sheets, plates, tubing and extruded 
shapes in a complete range of sizes and a wide variety of grades can now be supplied by 
Frasse .. . quickly and efficiently. 

The same dependable service and technical assistance you have 
used in the past for carbon, alloy and stainless steels and tubing are available when your 


need is aluminum. 


We will welcome the opportunity to be of service. 


Peter A. FRASSE & Co., Inc. 


New York 13, N. Y. Philadelphia 29, Pa. Buffalo 7, N. Y. Syracuse 1,N. Y. Hartford 1, Conn. 
17 Grand Street 3911 Wissahickon Ave. P. O. Box K, Station B. P. O. Box 1267 P. O. Box 1949 
WaAlker 5-2200 BAldwin 9-9900 BEdford 4700 SYracuse 73-5241 CHapel 6-8835 

LYNDHURST . ROCHESTER e BALTIMORE 





» For more information, turn to Reader Service Card, Circle No. 438 

































he strength of a threaded fastener often affects 
the success or failure of a mechanical product 
—it may even mean life or death. 


Many of today’s structural materials need a hard 
bushing to strengthen the tapped thread against 
excessive wear and stripping. TAP-LOK* Inserts 
have gained wide preference in industry for this 
purpose because: they tap their own threads e 
no crossing of threads is possible @ only one tool 
is needed @ no secondary operations are required 
e they have maximum torque-and-pull resistance 
e unskilled labor can easily apply them. 


TAP-LOK Inserts are steel or brass bushings 
threaded externally to tap into drilled or cored 
holes equal in size to tap drill holes that will 
accommodate the external thread. They are sup- 
plied with standard internal threads to receive the 
male threaded member. Cutting edges at the 
slotted segments accomplish the tapping operation. 


TAP-LOK Inserts are used in volume as original 
equipment, in production salvage, and in 
maintenance. 


Send for descriptive 
folder 
. 
Also manufacturers of 
Groov-Pins for positive 


locking press fit. 1121 Hendricks Causeway 








THREADED FASTENERS ““—" 
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U.S. Patent 2,455,885 








*Reg. U.S. Pat. Off. 











Ridgefield, New Jersey 
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Ceramic materials tested in solar 
iurnace. 

Some of the materials crack and flake 
due to thermal shock when moved into 
the furnace’s focal point. 

HAHAH ? 


i" 


| i 





The 120-in. aluminum mirror collects 


rays from the sun and_ concentrates 
them on a dime size focal point. When 
sky conditions are ideal, the furnace de- 
velops a temperature of 8500 F, approxi- 
mately 85% of the temperature of th 


sun’s surface. 


Sun Fires 
Research Furnace 


A solar furnace capable of gen- 
erating temperatures up to 8500 F 
is providing valuable data in high 
temperature research projects at Con- 
vair's San Diego Division. The fur- 
nace, a 120-in. parabolic polished 
aluminum reflector, focuses the suns 
rays on an area only 5/16 in. 1 
diameter. Under ideal sky condi- 
tions, temperature at the focal point 
reaches 85% of the temperature 0! 
the sun. . 

The solar furnace offers several 
advantages over more conventional 
types. Heating occurs in an oxidiz- 
ing atmosphere under conditions 
controlled purity with no interict 
ence from gases or magnetic ! Ids. 
The open construction of the furnac 
provides good accessibility anc ob 
servation during heating and <odl- 
ing, and temperature is cont sled 


MATERIALS & METHODS 
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CRUCIBLE 


stainless steel castings 


A large shell manufacturer had a serious problem. Cast 
iron shell holders, used in the hardening furnaces where 
temperatures go up to 1600 F, burned out and crumbled. 
Frequent replacements and costly shutdowns were nec- 
essary. 

The casting shown above (Crucible Type 309) proved 
the answer to the problem. This sand casting of heat- 
resistant stainless steel, and hundreds like it, are out- 
performing their iron predecessors . . . and seem headed 





@) US Fond 








for a practically limitless life. 

It will pay you, too, to take full advantage of Crucible 
castings. They are available in a wide range of stainless, 
tool and special alloy grades, and to meet conditions of 
corrosion, high-temperature, wear or abrasion. And 
Crucible—leading producer of special steels—controls the 
steel used, from furnace to finished casting. You can be 
sure of sound, uniform castings of the highest quality 
when you call Crucible. 


first name in special purpose steels 


STAINLESS CASTINGS 


RUC STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


EX HIicH SPEED * TOOL * REZISTAL STAINLESS * MAX-EL * ALLOY * SPECIAL PURPOSE STEELS 


For more information, turn to Reader Service Card, Circle No. 449 
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Let SCOTT 
of your materials . . . 


For more information, turn to Reader Service Card, Circle No. 412 





TESTERS* ‘‘picturize”’ the physical properties 


Ask for details of our LIGHT-CAPACITY TENSILE TESTERS which give you easily 
understood evaluations of the physical properties of textiles, wire, plastics, rubber, 
paper, leather, plywood—anything within the range of 1 ton tensile. 


By instituting an ADEQUATE TESTING ROUTINE, you assure: 
—purchase of adequate materials at lowest cost. 


—most effective methods of fabrication and construction. 


—smooth-flowing production. 


—controlled quality of PROVEN conformity to customer specifications. 


Describe your problem—we'll send ideas. 


SCOTT TESTERS, INC. 


*REGISTERED TRADEMARK 


65 Blackstone St. 
Providence, R. I. 


Seo Tests — Standard of the Wesld 











ALUMINUM ANODES 
BABBITT BISMUTH 
BERYLLIUM 
ALLOYS 
CADMIUM 
COBALT 
CHROMIUM COPPER 


FLUXES 


FERRO ALLOYS 
HARDENERS 


MANGANESE 
LOW MELTING ALLOYS 
MAGNESIUM 


SEMI RARE METALS 


NICKEL POWDERED METALS 
TIN TUNGSTEN 
SILICON SOLDERS 


WHITE CASTING Ma 





What'll you have... and how? 
Come to the metals center. 





, Sea) YBDENUM 
£y; 


’ ge 


“Putting METTLE into METALS since 1896” 


Belmont— 


SMELTING & REFINING WORKS, INC. 
305 BELMONT AVENUE, BROOKLYN 7, N. Y. 


ARSENIC 


He ir 


MERCURY 


SELENIUM 
TYPE METALS 


all metals « all alloys « all forms 


Dickens 2-4900 


For more information, turn to Reader Service Card, Circle No. 475 
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A ceramic specimen in Convair’ 
| solar furnace is shown here with th 





material beginning to melt at the din, 
size focal spot. 


simply by shading off part of the 
mirror surface by means of a cylin- 
drical barrel within which the spec 
men is mounted. 

Position of the specimen is cor 
trolled by motor driven screws on th: 
specimen holder. In order to kee 
the focal point in one location, ¢ 
mirror is mounted in a gimbal ring 
with its axis parallel to that of the 
earth, and a mechanical timing drive 
similar to that used on large tele. 
scopes keeps the mirror turning with 
the sun. An opening 22 in. in di: 
ameter in the mirror directly beneath 
the specimen allows full observation 
of the focal spot from a position be 
hind the mirror. A telescope mount 
ed at this position permits detailed 
observation of melting at magnifica 
tions of 20 dia. 

The fair weather furnace will b 
mounted on a mountain near Sa 
Diego to take advantage of high 
titude sky conditions. 


™ oa va 

AWS Meeting on Bi: 
e y sha 
Welding Progress J" 
ies 

Forty papers covering the applic! clean, 
tion of welding to a variety of m RMR OF ° 
terials were heard at the second \: HiMout re. 
tional Spring Meeting of the Am HR, 
ican Welding Society in Buffalo, M! HP breake 
4-7. The technical meetings were ht! oY 
in conjunction with the second AV MiMassemt 
Welding Show, where nearly $0) Jijelmost 
technical and management personne Phenol 
viewed the latest developments " 
welding processes and equipment. 
Three of the papers were concett 
with the joining of titanium. Io" 
paper, “High Temperature Alloy fu 
sion Brazing for Titanium and Ti 
ium Alloys,” R. A. Long and R ' 
Ruppender, Ferrotherm Co., « escribé 
new nickel-titanium brazing #lt! 


which may make furnace brazing” 
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\ 
and significantly superior 


this | 
Jj Phenolite Laminated Plastie 








Mere's a test showing the superior 

arc resistance of this new melamine- 

polyester material—Y-2401 by 

name. All samples were subjected 

* = to 5 arcs of 15 KV, 30 milliamps, 

i through a %" gap at a rate of 113 

orcs per minute. Note how Y-2401 

(two samples at right) showed only 

minor burns whereas Standord 

hy Grade XX phenolic material (at 

left) was deeply carbonized across 

the arc, resulting in conducting 
paths. 


if 


EXCELS IN ARC RESISTANCE 
»-» - IN MACHINABILITY 
-. - IN ELECTRICAL PROPERTIES 


With anordinary band saw, In test after test, this new high pressure laminate actually 


operator saws out a Y-2401 P , . 
part to be used in an oil created new standards of performance. The illustration above 


circuit recloser. 











shows how this new paper base-melamine Phenolite 


goes beyond current grades in arc resistance. 


But that’s only a start! Y-2401 does away with the difficult- 
to-machine aspects formerly encountered with melamine 
laminates. It can easily be punched, sawed, drilled, turned 
and milled to close tolerances. And being non-brittle, 


it can be rough-blanked much closer to final dimensions, thus 






In sections up to %”, 
l § Y-2401 can be shaped 

by shaving dies as illus- 
S trated upper left. 


(Center) Y-2401 drills 
pplics cleanly, without chip- 


reducing waste of stock and effecting lower machining costs. 


Y-2401 has excellent dielectric strength, good moisture 


resistance and low dissipation factor. Combine all its 






yf me fot . rg ene g Drill good points, and you have the “‘just-right’’ insulation 
oe oa ools last longer with- . . : ; i 
id Ni out resharpening. material for use in transformers, circuit breakers, switch 



















































met : : F ae ° és 
A BHere’s the circuit bases, supports for sliding contacts; in radar, television and 
o, Mi MM breaker assembly with “ek By ow 
re held os Y 2401 parts in radio; in many other critical electrical applications. 
x ace. (Note how this . . o » ° ; 
1 AW BRassembly is composed Available in 39” x 47” sheets, of thicknesses ranging 
y Q(t) almost entirely of vari- f 1,4.” t 1” 
} P OUS grades of j rom ‘/32 O ° 
sone rg of versatile 
ents © DETAILED DATA YOURS FOR THE ASKING— Write for Technical 
m- ; Data Sheet on Phenolite Grade Y-2401. Contains complete 
cer” listing of its properties and possibilities. Gives all other 
Ps fy information for thorough evaluation. Address Dept. D-7. 
oy 
4 Tite! 
d R ‘ef i m cturers of Vulcanized Fibre, NAN A T'i@ Nn A XZ, 
esctit arlene ulation, Vul-Cot Waste Baskets, 
allos rla indling Equipment, and Textile Bobbins VULCANIZED FIBRE CO. 
izing © WILMINGTON 99, DELAWARE 
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D 0 U B LE fproductiou capactty 


Harper “‘twin’’ muffle pusher furnace 
takes 1/2 the space necessary 
for 2 single muffle furnaces required 
to match its production volume. 


@ This furnace is a real producer. Jts com- 
pact pushers operate efficiently in continuous 
straight line conveyorized work handling at 
real savings in man hours. Pushers which are 
independently adjustable to suit the job, pro- 
vide a smooth flow of concentrated loads up 


to 600 pounds an hour for long heating cycles. 


Higher production and uniformity of product 
plus savings in floor space and man hours are 


worthwhile. 


Several sizes are available to suit your sinter- 
ing and heat treating problems. 


It will pay you to investigate. 


HARPER 
Electric Furnace Corp. 


38 RIVER ST., BUFFALO 2, N.Y. 
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titanium commercially feasible. Th 
two other papers were ‘Thi tect 
of Alloying Elements on Welds 

Titanium,” by G. E. Faulkner, Ba 
telle Memorial Institute and ‘Sy; 


face Embrittlement of Titanium }y 
Exposure of Weld Heat Affect 
Zone to Atmospheric Contamina 


tion,’ by C. E. Hartbower, D, mM 
Daley, Jr., and W. P. Hatch, Water 
town Arsenal Laboratory. 

A new device that combines the 
advantagés of automatic welding 
with the visibility and flexibility of 
manual welding was described in a 
paper, “Improved Semi-Automatic 
Welding and Hard i ” by H. § 
Avery, T. G. Brashear, H. J. hapin 
and G. H. eee American 
Brake Shoe Co. Electrode wire from 
coils is fed continuously, reaching 
the arc with a flux covering that 
serves the need for arc shielding, de 
oxidation, arc stabilization, slag cov 
erage of the molten bead, and alloy 
ing if necessary. The range of filler 
metals is wide. Fluxes are being de 
veloped that will deposit mild stee! 
of the EGO. series type, higher yield 
strength build-up steels, martensic, 
steels for wear and impact resistance 
martensitic irons for abrasion resist: 
ance, and austenitic manganese stet! 
with the same roll of electrode wire 

A new method of butt weldi 
plates or pipes without the use 
backing rings or bars was disclos 
for the first time in the paper, “Cor 
sumable Insert Method of Root Pass 
Welding.” by T. A. Risch and A. | 
Dohna, Electric Boat Div., Gener 
Dynamics Corp. The method allow: 
easier manipulation by the operat 
of an inert-gas-shielded tungsten «1 
torch to fuse completely to the paretl 
metal a filler rod of controle 
dimensions*and composition which 


‘is inserted between the root face 


of the butt joint. The joint prepat! 
tion allows the use of pipe and 1 tub 
manufactured to ASTM commetci 

tolerances of wall thickness 0 
diameter. 


A paper on ‘‘Inert-Gas- Shieldec 
Tungsten-Arc Spot Welding” 8 
given by C. A. McClean, Air Redu’ 
tion Sales Co. This relatively ¢" 
method provides the fabricator © 
light gage steels with a met hod ot 
producing much the same type ® 
joint as that obtained with insta” 
spot welding without the necd Lo 
back-up as part of the welding! 
and without forging pressure. I 
ability to work from one sie 
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one stands out 
































resist: . 
a ...and REX js the standard 

Adit . ‘ 
oa by which all high speed 
closed se 
“Cos steels are compared 
1 A. I It takes exceptional skill and experience to make con- 
ion : sistent scores on the target range... or to produce 
perato’ i consistently superior high speed steels. 
ae | Crucible has been making REX® High Speed Steels 
trolled for over half a century ... and REX is still the stand- 

which ard of comparison wherever high speed steels are 
a used. That’s no idle claim...and you can prove 
nd tube REX’s superiority for yourself by putting a piece to 
PF od work in your own shop. You'll like its hardenability, 

response to heat treatment, and good tool performance. 

Shieldet | Once you've tried it, we think you'll agree — you 
pie can't find a high speed steel that will outperform REX. 
rely 00" 
aes f first name in special purpose steels 

type © - postal a 

install ‘- | ° 
fy 4 gaats of Fore) stlrating — TOOL STEELS 
u e The < STEEL COMPANY OF AMERICA + TOOL STEEL SALES - SYRACUSE, N. Y. 
side of Canadian Distributor — Railway & Power Engineering Corp., Ltd. 

For more information, turn to Reader Service Card, Circle No. 447 
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Alodized 


WITH ALODINE® No. 1200 
for EXTRA PR 








oe 
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View of a modern “‘Alodine’ No. 1200 in- 
stallation at the Glenn L. Martin Company 
plant, Baltimore, Md. In these dip tanks, 
aluminum components of the USAF B-57 
(top) are protectively treated with American 
Chemical Paint Companys “Alodine” No. 
1200. 


wee A todizing creates a durable bond 


—. _ for paint, and greatly enhances alumi- 
= ~ num’s natural corrosion resistance, 

————= particularly in salt air. Alodizing 
\ , meets the requirements of Military 


Specification MIL-C-5541, and was 
adopted by Martin after a long 
test period. 


Pioneering Research and 
Development Since 1914 


AMERICAN CHEMICAL PAINT COMPANY 
ACP AMBLER, PA. Nels 


PROCESSES 
DETROIT, MICH. NILES, CALIF. WINDSOR, ONT. 
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broadens the scope o! Spot 
; Spot 
ing of materials as thin as 0. 
without back-up or special jigging jg 
possible, as well as the joining o 
dissimilar metals. The process is also 
considered as a secondary tool fo; 
tack welding prior to subs juent 
joining by other welding methods 
Sigma welding of carbon. steels 
was reported on by J. R. Craig 
Linde Air Products Co. His paper, 
“Shielded - Inert- Gas Metal Ar 
Welding of Carbon Steel,’’ discussed 
typical, practical uses for sigm 
welding, including steel plate fabri. 
cation as well as casting repair 
Process economies were presented, 
including costs of consumable mate. 
rials, and operating (duty) factors 
obtainable on various types of jobs 
J. E. Hinkel, Lincoln Electric Co, 
in his paper ‘Powdered Metal Elec. 
trodes and Their Application, 
stated that both the users of welding 
and the manufacturers of welding 
equipment have reached a point in 
their knowledge of the arc welding 
process where it is now practical and 
economical to use _ electrodes for 
manual arc welding that have powd- 
ered metal in their coatings. These 
electrodes have advantages in speed 
of welding, smooth appearance, 
freedom from gouging and under 
cutting, excellent wash-in, easy slag 
removal and ease of operation. At 
present they are limited to down 
hand or nearly flat operation, 
though developments indicat 
powdered metal coatings may be ap 
plied to out-of-position electrodes 


as a fabrication method 


that 


Analyzes Steel 
Hydrogen Content 


A thermal conductivity analysis 
system fast enough to determine the 
precise hydrogen content of ste? 
during steelmaking is helping 
speed research aimed toward elim 
nation of hydrogen embrittlement 
The new technique permits analysis 
of a sample of steel in about 15 mi 
with a probable error of only plus 
or minus 0.12 parts per million 0 
hydrogen. 

Absorbed hydrogen, even whet 
when present in such minute yuantl: 
ties as 3 parts per million, has 4 S¢" 
ous embrittling effect on steel withou 
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Flanged and Dished Heads 


Alley and Carbon 
Steel Plates 


ameter 
el Pipe 


* when they're made by 


CLAYMONT 


Whatever your needs in flanged and dished heads, you’re a 
winner every time when you call for heads by Claymont. 

We can always meet your most exacting specifications 
because with us the spinning of flanged and dished heads is more 
than just a job— it’s an art into which we put the most 
painstaking care and specialized know-how. 

Our flanging department can supply you with flanged and 
dished heads in diameters from 9 inches to 19 feet and in 
gauges from 3/16-inch to 6 inches. Made in carbon steel, alloy 
steel or with stainless steel cladding. We are also prepared to 
handle head forming operations on both ferrous and non-ferrous 
metal circles supplied by the customer. 

Other Claymont products include Stainless-Clad 
Steel Plates, Alloy and Carbon Steel Plates, Large Diameter 
Welded Steel Pipe. 

Write or call Claymont Steel Products Department, 
Wickwire Spencer Steel Division, Claymont, Delaware. 


ABILENE + ALBUQUERQUE + AMARILLO + ATLANTA + BOISE + BOSTON + BUFFALO 
BUTTE + CASPER + CHICAGO + DENVER + DETROIT + EL PASO «+ FT. WORTH 
HOUSTON + LINCOLN + LOS ANGELES + NEW ORLEANS + NEW YORK + OAKLAND 
ODESSA + OKLAHOMA CITY + PHILADELPHIA + PHOENIX + PORTLAND + PUEBLO 
SALT LAKE CITY + SAN FRANCISCO + SEATTLE + SPOKANE + TULSA + WICHITA 
Canadian Representatives At - EDMONTON + TORONTO + VANCOUVER + WINNIPEG 


For more information, turn to Reader Service Card, Circle No. 462 
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What do you 


know about the 


Moly-sultide 


F ALITTLE DOES A LOT 


LUBRICANT ? 


You may have heard 
about a highly suc- 
cessful solid-film lu- 
bricant which is giv- 
ing remarkable re- 


sults in the shop and 
in the field. 


In one 40-page 
booklet we have col- 
lected 154 detailed 
case-histories de- 
scribing how difficult 
lubrication problems 
have been overcome 
by molybdenum sul- 
fide. If you wish to be 
up to date about this 
solid-film lubricant, 
fill in the coupon be- 
low, attach it to your 
letterhead and send 
it off today. 


THE LUBRICANT OF MANY USES 


Moly-sulfide 


ALITTLE DOES A LOT 


Climax Molybdenum Company 
500 Fifth Avenue 
hn City - 36-N-¥- 


[ 


re 





-- ~<a - See — + - Oe = ee ee 


For more information, Circle No. 409 
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Thermal conductivity measurements 
permit rapid quantitative analysis of 


hydrogen content of steels. 


a compensating increase in tensile 
strength. The new high-speed analy- 
tical equipment will permit a closer 
watch on steel melts in cases where 
it is vital to avoid the possibility of 
brittle fracture. The accuracy of the 
test is well within the boundaries re- 
quired for analysis of hydrogen con- 
tent. 

The method of analysis for hydro- 
gen is based on the vacuum tin fusion 
process developed by D. J. Carney, 
Chief Development Metallurgist of 
United States Steel's South Works, 
and J. Chipman and N. J. Grant of 
the faculty of Massachusetts Institute 
of Technology. The fusion process 
was recently modified by B. M. 
Shields of U. S. Steel, with coopera- 
tion of Professors Chipman and 
Grant, so that gases evolved from a 
steel sample can be analyzed for hy- 
drogen in a thermal conductivity 
cell. 

The improved method is applicable 
to the analysis of multicomponent 
mixtures when all gases in the mix- 
ture except one have nearly the same 
thermal conductivity. Fortunately, 
the mixture of hydrogen, nitrogen 
and carbon monoxide evolved by the 
tin-fusion analysis falls into this 
classification. The thermal conductiv- 
ities of nitrogen and carbon monox- 
ide are practically equal, while that 
of hydrogen is approximately seven 
times that of the other two gases. 
Thus, the thermal conductivity of the 
mixture at known temperature and 
pressure can be related directly to the 
percentage of hydrogen by suitable 
calibration. 

The apparatus for detection and 


Want Reprints of 
MATERIALS & METHODS 
Manuals ? 


Because of the tremendous 
number of requests received 
for the special Manuals pub- 
lished each month in MATE- 
RIALS & METHODS, they are 
now available in_ reprint 
form. These outstanding 16- 
to 32-page articles provide 
you with useful and complete 
information on the properties, 
characteristics and uses of 
engineering materials and 
fabricated parts. 


Order Now 


The Manual reprints cost only 
25¢ per copy. To obtain your 
copies, indicate in the handy 
coupon below the ones you 
want. Orders will be filled 
as long as the supply lasts. 











VY Quantity 


.Fabricated Materials & Parts 
Glass as an Engineering Materia 
Cleaning & Finishing Stainless Steels 
Wrought Aluminum Alloys 
Die Castings 
Wrought Phosphor Bronzes 
Salt Baths for Metal Treating 
Plastics as Alternate Materials 
Brazing & Soldering Materials 
Carbon & Graphite Materials & Parts 
Titanium and its Alloys 
Electroplated Coatings on Light Meta 
Cold Forming Stainless Steel Parts 
Tool Steels 
Carbon and Low Alloy Steel Castings 
Carburizing of Steels 
Welded and Brazed Parts 
Aluminum Bronze 
Glass-Reinforced Plastics 
Malleable Iron Castings 
Magnetic Materials 
Welding the Stainiess Steels 
..Rubber Parts 
Protective Coatings for Metals 
.Wood and Wood-Base Materials 
...Surface Hardening of Steels and [rons 
Selecting Metal Cleaning Methods 
..Engineering Coppers 
....Annual Review and Forecast 
.. High-Strength, Low-Alloy Steels 
Sandwich Materials 
Materials for High Temperature Service 


.How to Reduce Costs Through 
Materials Selection 


..Rigid Polyvinyl Chloride Plastics 


..Mechanical Properties & Tests for 
Engineering Materials 


Company . 


Street 


MAIL TO: 
Reader Service Dept. 
MATERIALS & METHODS 
430 Park Ave., New York 22, W. ' 
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You No Longer 
Need to Worry 
About the Amount 


Of Carburizing Gas 
to Add 








Ipsen 





Automatically controls furnace atmosphere carbon potential. 
Eliminates constant supervision and guesswork. 


Simply set the controls to desired carbon potential...and forget it. 


Universal Production Units in Standard Sizes 100 to 2000 LB./HR. 
IPSEN INDUSTRIES, INC. 720 SOUTH MAIN STREET, ROCKFORD, 





TOMATIC 
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HEAT TREATING U 


ILLINOIS 







* For more information, turn to Reader Service Card, Circle No. 371 
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For more information, turn to Reader Service Card, Circle No. 500 
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bur PRE-FINISHING ? 


Know how to keep your finishing process from becom- 
ing outdated? Switch to prefinished ENAMELSTRIP. A 
few facts about this pioner process will show you it 
pays to finish the modern, ENAMELSTRIP way: 


@ Coats and colors metal before fabricating. 

® Eliminates costly operations. 

@ Comes precision-slit to your specifications in a choice of 
metals. 

@ Non-anodized organic finish, withstands all Fabricating 
stresses. 

@ Finished in one, or two colors fone on each side). 


GET ALL THE FACTS ON ENAMELSTRIP 


in our new full-color bulletin. Send for yours today. 


THE COATED COIL CORPORATION 
513 West 30th Street, New York 1 @ LOngacre 5-3161 














HIGH TEMPERATURE PORCELAIN 
SPECIALTIES 


We are equipped to design and manufacture special 
porcelain products to do specific jobs. A few of the 
various shapes and sizes are shown above. On any of 
your porcelain requirements, a call to McDanel will save 
time and money. 


Write today for our new catalog. 


McDANEL REFRACTORY PORCELAIN 


BEAVER FALLS, PENNA. 


GRINDING BALLS .. . MILL LINING BRICK... 
MILL HEAD ASSEMBLIES . . . TANK & DRYER LININGS 


For more information, turn to Reader Service Card, Circle No. 392 
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measurement of hydrogen con 

a closed system of glass tube 
mercury cut-offs to control tl 
flow, an induction furnace, two me; 
cury diffusion pumps, a McLeod 
gage, a conductivity cell and a hp 
mechanical vacuum pump to extrac 
air from the system. Measurements 
of conductivity are dependent on 
precision ammeter with a range of 
to 1.00 amp which, with the condu 
tivity cell, is tied into an electric 
thermal conductivity bridge activate 
by four 11/-v dry cells. 

A steel sample to be tested js 
placed in the evacuated induction 
furnace and is fused with pure tin 
Mercury vapor in the diffusion pumps 
forces the gas from the furnace int 
a tube from which it escapes into a 
chamber of known volume. It is the: 
conducted into a McLeod gage whic 
records its pressure. To elimiaat 
stratification, the gases pass throug 
a mixing chamber before entering the 
thermal conductivity cell. A_ thin 
piece of pure platinum wire in the 
center of the cell is in a modified 
Wheatstone bridge circuit. The en 
tire cell is maintained at 32 deg | 
by immersion in an ice and water 
bath. 

The bridge circuit is balanced wit! 
the platinum wire held at a tempet 
ture of 77 deg F. The ammet 
reading, indicating the amperes ne 
essary to hold that temperature, 1s 
measure of the thermal conductivit 
of the gas mixture in the cell. This 
reading is then compared to a cal 
bration previously prepared by using 
gas mixtures containing — various 
known percentages of hydrogen 
from 100% to 0% per cent. The 
comparison gives an accurate analy: 
sis of the hydrogen present in the 
mixture. 

The over-all precision of analysis 
by the thermal conductivity methos 
was evaluated by the use of duplicat 
samples. Each of 10 samples was cu! 
in half to provide 10 sets of i 9 
cates. A statistical study of the ati 
obtained from these 10 pairs shows 
the standard deviation of the error 0! 
observation to be plus or minus 0.1’ 
parts per million, with the probable 
error plus or minus 0.12 part pé 
million. Using the statistical criterion 
of three standard deviations, a mix! 
mum error of 0.5 parts per million 
possible, although the frequency © 
such an error will be extremely |" 

(More News on page 226 
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iT’Ss OQFUR BUSINESS 
TO MAKE STAMPINGS 
LIKE THESE 


FOR YOUR BUSINESS 








MEETS YOUR NEEDS FOR LARGE 
AND MEDIUM SIZED SEAMLESS 
STAMPINGS 6a COMPLETE FINISH- 
ING AND ASSEMBLY FACILITIES 








® If you use seamless drawn stampings—whether it’s for ammunition 
boxes or washing machines—G. P.& F. can fill your requirements, 
economically, What's more, G. P. & F. meets the most rigid delivery 
schedules with parts that pass strictest quality tests ! 


G. P. & F. specializes in large and medium sized seamless drawn 
stampings. And we have complete facilities for finishing and assembling 
... galvanizing, spray finishing, vitreous enam- 
eling, welding. Over 74 years’ experience... 
1000 skilled people...293 deep draw and 
stamping presses...97 welding machines. 
And a complete tool and die department. 
What’s more, we can package your products 
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* 





\ goseet a and ship directly to your customers. 

egg res 

\ ate So, if you need deep drawn or stamped 
a f d llonG. P.& F 
= metal parts for your products, call on G. P. & F. 
= We'll give you complete information, and help 
ee= solve your production problems. 
eet 





Write today for copy of booklet—'"'Science and 
Skill in Sheet Metals.” It illustrates many jobs 
produced for Geuder, Paeschke & Frey customers 
..+gives complete data on our facilities. 
CONTRACT DIVISION 





GEUDER, PAESCHKE & FREY CO. 
1538 W. St. Paul Avenue, Milwaukee 1, Wisconsin 


. For more information, turn to Reader Service Card, Circle No. 
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For more information, turn to Reader Service Card, Circle No. 309 


A Ney Precious 
Metal Alloy Contact 


PLAY A BIG PART 


IN PRECISION INSTRUMENTS 


A Ney Precious 
Metal Alloy Contact 


Illustrated above is a Helipot single-turn Model J Potentiometer 
using Ney Precious Metal Contacts. These contacts were designed 
to meet the special requirements of this instrument and assure the 


utmost in linearity and electrical output. 


The J. M. Ney Company has developed a number of precious 
Metal Alloys and fabricates these into contacts, wipers, brushes, 
slip rings, commutator segments and similar components for use 
in electrical instruments. Ney Precious Metal Alloys have ideal phy- 
sical and electrical properties, high resistance to tarnish, and are 
unaffected by corrosive atmospheres. Consult the Ney Engineering 
Department for assistance in selecting the right Ney Precious Metal 
Alloy which will improve the electrical characteristics, prolong the 


life and accuracy of your instrument. 


THE J. M. NEY COMPANY 
105 ELM STREET, HARTFORD 1, CONN. 


Specialists in Precious Metal Metallurgy Since 1812 
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HASSALL 


a 5 ‘CHEAPER BY 





HASSALL 
Cold Headed 
Parts and Fasteners * 


Our BIG BUSINESS is moking small parts 

by the thousonds...cold forged ports which 
ore usually lowest first cost, lowest assembly cost, 

and strongest for longest service life. V 
































A quotation from us won't cost you a cent but it's very likely 

to show you a much LOWER COST source of supply for any small 
metal port or fastener you are using in your product. 

We cold head any metal. 











NEED a good 3 color 
decimal equivalent 
chart? Yours without 
obligation ... just 


drop us a cord, | i 


on request. 
ESTABLISHED 1850 


JOHN HASSALL, INC. 


P. O. Box 2174 Westbury, L. I., New York 


For more information, turn to Reader Service Card, Circle No. 456 
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Argonne thermocouple for measur. 
ing internal temperature of atomic re. 
actor is only slightly larger than hypo 


dermic needle. 


Thermocouple for 
Atomic Reactors 


A thermocouple which develops 
twice as much electromotive force as 
conventional thermocouples, yet uti! 
izes the compact _ tube-and-wir 
fabrication technique is made of 3 
constantan wire encased in an Ip- 
conel tube. Dr. W. Gerard Rauch oi 
the Argonne National Laboratory de- 
veloped the needle sized instrument. 
The first use of the thermocouple 
will be to measure the operating 
temperatures inside the fuel elements 
of nuclear reactor. For such use, a 
thermocouple must be very small in 
order not to absorb too much nuclear 
radiation and slow down the opera 
tion of the pile. It must also be corto- 
sion resistant and capable of being 
threaded through winding passage- 
ways into the shielded elements ol 
the reactor. 

The Argonne thermocouple is only 
slightly thicker than the needle of a 
small hypodermic needle—0.040 in 
Made in 20 ft lengths, insulated 
constantan wire is inserted in a small 
diameter Inconel tube, and the tube 
is then drawn through a die, which 
causes the outer tube to shrink 
around the inner tube, gripping ! 
tightly. Fabrication is completed )j 
fusing one end of the wire to form 
the thermocouple. The Inconel out 
side tube eliminates the need for 4 
protective coating over the unit's 20 
ft length. The thermocouples are & 
tremely sensitive up to about 1250 F 
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We Are Moving 


After July 15, address all com: 
munications to our new address: 
MATERIALS & METHODS 

430 Park Avenue 
New York 22, New York 
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